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WATER RESOURCES DEVELOPMENT PROJECT:

NORTH NASHUA RIVER BASIN

WHITMANVILLE LAKE
WHITMAN RIVER, MASSACHUSETTS

DESIGN MEMORANDUM NO. 8

EMBANKMENTS AND FOUNDATIONS

A, INTRODUCTION

1. ILocation and Description of Project. The Whitmanville Lake Watex
Resources Development Project is located in the town of Westminster,
Massachusetts, sbout 5 miles west of Fitchburg, Massachusetts. The
damsite is located on the Whitman River about 4 miles upstream of the
confluence with the North Nashua River all in the Merrimack River
Basin. The completed structure will consist of an earthfill dam with
appurtenant structures., Iocations, arrangments and details of the
structures are shown on Plates Nos. 8-1 and 8-2,

2, Pertinent Data.

a., ose. Flood control, recreation, water quality and re-
placement of existing industrial water supply.

b. Drainage Area at Damsite. 17.5 square miles.

¢, Reservoir Elevations M.3.L.

(1) Top of Dam .- 860.5

(2) Maximum Surcharge Pool -- §8856.2

(3) $pillﬁay Crest -- 85,0

(4) Recreation Pool - 826.6

(5) Water Supply -~  817.5
& Dam.

(1) Maximum Height Above

- T6 feet -
Streambed

(2} Lené;th -- 1,440 feet



3. General Notes. Subsurface lnvestigations and soils engineering
studies undertaken for the design of the dam embankmient for this
project and to determine the condition of the existing Westminster
Dam 0.7 miles upstream are discussed in this design memorandum. Sub-
surface investigations included programs of subsurface. explorations
and laborstory tests conducted to determine the distribufion and char-
acteristics of foundation and embankment materials and to determine
soil conditions pertinent to excavations and to the design and con-
struction of embankments, and certain of the concrete structures. Soil
engineering studies based on data obtained from the subsurface investi-
gations, were conducted to develop safe and economlcal earthwork de-
signs and constructlon methods.

B. SUBSURFACE TNVESTIGATIONS

L, Subsurface Explorations, Subsurface explorations were laid out

and performed in conformance with current criteria and practices as
described in Corps of Engineers Manuals EM 1110.2-1801, "G&ological
Investigations" and EM 1110-2-1803, "Subsurface Investigations - Soils.”
The majority of the explorations were drive-sample borings.  In addition,
undisturbed sampling procedures were employed in three drill heoles.in
the dam foundation area. The subsurface exploration program completed
to date is considered adequate for the design of the dam. The locations,
types and genersl purposes of the explorations, as well as the site ge-
ology, are discussed in Design Memorandum No. 7, "Site Geology."

5. ° Laboratory Tests. All laboratory tests, except &as noted weré per-
formed in accordance with the provisions of EM 1110-2-1906, "Leboratory
Soils Testing." All soils samples were visually classified according
to the Unified Soil Classification System. The visual classification
of representative soil samples were confirmed by grain. size analyses
and determinations of Atterberg Limits. OSelected samples were tested
to determine natural moisture content, natural density, compaction
characterlstlcs, permeablllty, consolldaxion characteristics and shear
strength. . :

6. Presentation of Data. The results of subsurface 1nvest1gatlons are
presented in this memorandum. The logs of exploration are shown in D.M.
No. 7. A summary of the results of laboratory tests is presented in
Appendix A. Detailed shear, consolidation and compaction test reports
ar¢ presented in Appendix B. A record of undisturbed samples from ex-
plorations ¥D-50U, 510 and 520 with gradation curves are presented in
Appendix C. Boil profiles and sections of the dam embankment founda-
tion, based upon engineering soil reports, are shown on FPlates Nos.

8~L through 8~7.  These engineering soil reports were prepered for all
pertinent explorations by the design soils engineer with the aid of
laboratory test data and the assistance of an experienced soils clas-
ifier. These reports include descriptions of the soils and soil strata
based on the engineer's examination of the samples and his interpreta-
tion of the test results and pertinent exploration records. These




descriptions cover the consistency of the soil, estimated or meas-
ured percentages of the soil component, color, stratification, pres-
ence of foreign material, geological names and other information of
significance to establishing soil characteristics for design and con-
struction purposes, Plates Nos. 8-9 through 8-14 showing selected
laboratory data are included in this memorandum. _

¢. CHARACTERISTICS OF EMBANKMENT FOUNDATION MATERIALS

7. Distribution and Description.

a. Left Abutment and Spiliway. The overburden in the left
abutment of the dam embankment foundation area northeast of about
‘Station 13+00 and the adjacent spillway area is relatively thin aver-
aging about 10 feet in thickness except near the lower end of the
spillway discharge channel where the depth to bedrock is about 25 feet.
Numerous boulders occur on the surface of the area northeast of the
present Ashburnham Road. The overburden consists of a capping of about
a foot of topsoil and forest litter overlying a glacial outwash and a
modified till deposit. The irregular bedrock surface is generally
blanketed by a modified till deposit varying in thickness from 2 to 15
feet. The till is overlain, in part, by a glacial outwash deposit
which appears as a terrace feabture along Ashburnham Road where it aver-
ages about 8 feet in thickness. Northeast of the road, the outwash
deposit becomes thinner and discontinues appearing only as pockets and
remnants. The materials in the modified i1l deposit consist of brown
and gray brown, generally moderately compacet to compact, non-plastic,
gravelly silty sand (SM and SP-SM) and silty sandy gravel (GM) with
numerous cobbles and boulders. The silt contents of these materials
generally range from 15 to 40 percent of the component passing the
No. 4 Sieve. The gravel contents of the silty sands generally range
from 10 to 40 percent. The materials in the outwash deposit consist
of brown, loose to compact, gravelly silty sands (SP-SM, SM) and silty
sandy gravels (GP-GM, GM)} with cobbles and bowlders and occasional
phases of sandy gravel (GP) and gravelly sand (SP). Gravel contents
of the sands range from 10 to LO percent while the silt contents of
the sands and gravels generally range from 5 to 25 percent of the com-
ponent passing the No. 4 Sieve. These materials tend to be more per-
vicus below the road. '

The subsurface water levels are variasble and erratic generaixy
following the upper surface of the till at depths of 1 to 5 feet or
occurring at, or below, the bedrock surface at depths of about 5 to
10 feet.

b. Right Abutment. The overburden in the right abutment (south-
west of Station 9+00) varies from sbout 18 to 40 feet in thickness and
averages about 29 feet with the deeper portion occurring at the terrace
feature near Station 8+50. The overburden consists of a capping of
about 9 inches of topsoil and forest litter overlying glacial outwash




and modified glaciel 1111 deposits. The bedrock surface is generally
blanketed with the modified ti1l1 deposit varying in thickness from -
about 3 to 16 feet with the greater thicknesses occurring at the
higher elevations., In the vicinity of the upstream toe near Station
8+00; however, this blanket is missing. In general, the till blanket
iz overlain by an outwash deposit whlch averages about 21 feet in
thickness., ‘

The material in the modified til1l deposit consists of brown and
gray-brown, modereately compact to compact, nonplastic, gravelly silty
sand (SP-SM, SM) silty sandy gravel (GP-GM) and sandy gravel (GP)
with numerous cobbles and boulders. Gravel contents of the sands are
generally less than 40 percent. The silt contents of these materials
generally range from 10 to 35 percent of the component p3831ng the
No. L Sieve.

The materials in the outwesh deposit consist generally of brown,
loose to moderately compact, gravelly silty sands (SP-SM, SM, SW-SM),
sandy gravels (GP) and silty sandy gravels (GP-GM) with numerous
cobbles. The terrace feature between Station 8+00 and Station 9+00
conteins some zones of stratified medium to fine sands (SP) and silty
mediwm to fine sands (SM) with occasional thin layers of silt . (ML).

The silt contents of the sands and gravels generally range from 3 to

25 percent of the component passing the No. 4 Sieve with phases of the
medium to fine sands and silty medium to fine sands having silt contents
as high as 40 percent. Gravel contents are generally less than 40 per-
cent. Subsurface water levels, in general, are at or below, the bedrock
surface, .

¢c. Valley. As indiceted by the soil log profiles and sections on
Plates Nos, through 8-7, the overburden varies from about 35 feet
in thlckness on the right side of the valley near Station g9+Q0 to over
50 feet near Station 10+00, to only 10 to 20 feet in thickness on the
left side of the valley in the vicinity of Station 13400, The rock
surface is generally blanketed with till deposits., Where they occur,
the i1l deposits.vary from sbout 2 4o 17 feet in thickness with the
thickest zone occurring near Station 10400, The till materials con-
sist of brown, gray-brown and gray, generally moderately compact to
very compact, gravelly silty sand (SM) and silty sandy gravel (GP-GM,
GW-GM, GM) with numerous cobbles and occasional boulders and with zones
of sandy gravel (GP) and silty medium to fine sand (SM). Gravel con-
tents of the silty sands generally run from 15 to 4O percent. Silt
contents range from 7 to 60 percent but are generally less than 35 per-
cent of the component passing the No. L Sieve.

Overlying the till deposits or bedrock is & glacial‘outwash de-
posit varying from 3 feet in thickness on the left side in the vicinity
of Sta. 13+00 to over 35 feet with the greatest thickness occurring in
the central portion of the wvalley bhetween Sta. 10400 and 11+00. The nma-
terial in this deposit consists of variable, brown, generally loose to



moderately compact, silty sandy gravels (GP-GM, GW-GM), sandy gravels
(GP-GW) and gravelly sands {SP-SM, SP) with numerous cobbles and some
boulders and with some phases of silty sands (SP-SM, SM) and silty
sandy gravels (GM). GOravel contents of the sands generally range from
5 to 45 percent. Silt contents range from 3 to 30 percent but are
generally less than 20 percent of the component passing the No. 4 Sieve.

. In the portion of the valley between Sta. 9+50 and Sta. 10450 at
the upstream toe of the dam, between Sta. 9+00 end Sta. 1i+50 at the
centerline and in the vicinity of Sta. 9450 and Sta. 12+50 at the down-
stream toe of the dam, the outwash deposit contains a zone of fine-
grained materials (referred to hereafter as the foundation silt layer).
This deposit where encountered in the explorations, varies from 1 foot
to over 8 feet in thickness with the greater thickness occurring in
the vicinity of Sta. 9+50 at the downstream toe of the dmm. The upper
surface dips gently in a downstream direction from about elevation 783
at the upstream toe to about elevation 775 at the downstream toe. The
materials in this zone consist of stratified, gray-brown and brown,
loose to compact or very stiff, nonplastic, silt, fine-sandy silt (ML)
and silty fine sand (SM)} with occa51onal zones and thin layers of fine
sandy clay {CL, CH). The materials are generally compact or very stiff
above elev, 775. The silts contain some small leaves and other decayed
organic materials. The sandy silts contain from 10 to 50 percent fine
sand. The silt contents of the silty fine sands range from 7 to LO
percent while those of the other sands range from 5 to 4O percent. The
sand layers range from 1/16 inch to 3 inches in thickness while the
811t layers range from 1/2 inch to over 30 inches., The occasional clay
layers range from 1/16 inch to about 18 inches in thickness. Reference
is made to the soil profiles on Plates Nos. 8-I through 8-7, Undisturbed
Explorations FD50U, 51U, 52U, Plate No. 8-10 and Appendix C. The area
is covered with 6 to 2k inches of surficial deposits of topsoil and
forest litter. Subsurface wabter levels in this area are controlled by
the level of the river.

8. Shear Strengths., Undisturbed samples were obtained from the founda-
tion silt layer in the valley. Triaxial shear tests were performed on
selected undisturbed silt specimens from exploration. FD-51U. Five § .
tests and five R tests were run, the results of which are shown on Plate
No. 8-11, The adopted shecar strength perameters for the fine-grained
materisls are as follows:

Condition Q ~ Degrees C, T.S.F.
Q 6 0.25
R 13 6.25

Shear tests were not performed on samples of embankment foundation soils.
It is considered that the soils in the till and modified +ill deposits

will have shear strengths greater than those indicated by shear tests per-
formed on samples of compacted impervious embankment material. On the



basis of experience with similar soils it is estimated that the
soils in the glacial outwash deposits will have undisturbed shear
strength parameters of $=30 degrees, and C=0 for all conditions
within the anticipated stress range.

9. Compaction. Compaction tests were performed on two undisturbed
samples of the foundation silt layer. The Harvard Miniature compec-
tion device (Spring = 40 1bs.) was used to determine the meximum test
densities using the same specimen of soil for each point on the curve.
On the basis of these tests, it is estimated that the natural dry den-
sities of the foundation silts are between 73 and 91 percent and aver-
age about 80 percent of maximum compacted dry density.

10. Permeability. No permeability tests were performed on samples
of foundation soils for this project. The ranges of coefficients
of vertical permeability tabulated below have been estimated on the
basis of visual examinations of the samples, their grain-~size dis-
trivution curves, the results of the tesis performed on samples of
borrow materials and experience with similar materials.

Maberial 5 em/sec e

Sa.gc?.y Modified Glacial 0.1 to 75 xlO"u 4 to 9
111 ‘

Qutwash . . 1 1:0-200::{1!.0"lL 9 to 25
Fine-grained Materials 0.5 to T5x10"* 9 4o 25

11. Consolidation. Consolidation tests were not performed on
samples of foundation soils. All soft and compressible surficial
deposits will be removed prior to the construction of the embank-
ment. The consolidation characteristics and natural densities of
the bulk of the remaining soils are such that no significant post-
construction foundation settlement is anticipated under the proposed
embankment loadings. Although some of the soils in the foundation
silt layer in the valley are compressible, settlements therein will
be limited due to the thimness of the strata in the layer and will
occur principally during construction. For purposes of stability
studies; however, it has been assumed that the layer W111 not con-
solldate until after completion of the embankment.

D. CHARACTERISTICS OF FOUNDATION BEDRQCK

12, Bedrock Foundation for Dam Embankment. The bedrock at the site
consists mainly of granite gheiss with numerous zones of pegmatite

and scattered but apparently thick, diabase dikes. The granite gneiss
ranges from light to dark gray and from fine-grained and schistose to
very coarse and granitic. Follation is generally obscure and variable
but where apparent in schistose phases of the gneiss, the foliation




dins commonly at low angles. The pegmatite which intrudes the gneiss

in thin stringers, dikes and extensive irregular masses is very coarse-
grained with thick pods of felted mica. The diabase is dark gray to
black, very fine-grained and hard. The bedrock surface is typically
rough and irregular with numerous low ridges and knobs between shallow
troughs and hollows. The rock is generally closely jointed with numer-
ous high and low angle joints along which slight weathering has occurred
to depths up to 25 feet. A grout curtain will be constructed in the
rock under the cut-off for the dam.

13. Bedrock Foundation for Concrete Structures. Foundations for con-
crete structures are located at relatively shallow depths in the bed-
rock. Close jointing and weathering at foundation grades may require
more than usual foundation treatment to remove loose blocks and clean
out weathered seams at structure locations. With adequate treatment;
however, the rock is satisfactory for support of heavy structural loads.
Presplitting will be required and line-drilling will be utiliized as
feasible to control breakage in the slopes for structure excavations.
Grouting will be required in the rock along the cut-off at the outlet
conduit and under the spillway walls and weir. Drain holes will be
provided as required for relief of pressure at concrete slabs and walls.
Detailed discussion of bedrock conditions in relation to concrete struc-
tures is included in Design Memorandum No. 7, ."Site Geology' and Design
Memorandum No. 10, "Detailed Design of Structures".

E. CHARACTERISTICS OF EMBANKMENT MATERIALS

14, @eneral.  The guantity of material from required excavations is not
sufficient to construct the dam embankment. Reconnaissance for sources
of borrow raesulted in the location of a glacial till deposit on the

left side of the vallev about 5,500 feet north and upstream of dam em-
bankment (Area A on Plate No. 8-1). Investigations in this area deter-
mined that a quantity of suitable material was available therein to com~
plete the dam embankment. This deposit consists of relatively impervious

S50il of fairly uniform character. In selection of this borrow source,
consideration was given to the environmental impact of its use in com-

perison with that for other potential sources (See para. 28a).

Extensive outwash deposits of silty sands and gravels occur in the
Whitman River Velley upstream and downstream of the damsite.

Whitmanville Reservoir will be the site of an extensive general
recreation development in conjunction with extensive conservation areas.
The project will supply a much needed water-based recreation resource
to the surrounding communities. The existing reservoir behind the
Westminster Dam will be the area of general recreastional use at the
project. Some of the major assets of this area ebove the existing dam
are the irregular and interesting shoreline and the islands in the pool
and any alteration of the existing shoreline or islands to obtain per-
vious fills would be incompatible with the projected use of the area
for recreational development; therefore, any areas capable of develop-
ment as vorrow areas must be located below the existing dam,



The paper companies which are located about 4 miles below the
proposed dam use the water for industrisl purposes and have pointed
out the deleterious effects of silt-laden water on their paper proc-
essing operation as well as the any harmful effects of sedimentation
on the presently good fishery in Crocker Pond located 1 mile down-
stream. Because of the potential harmful effects of sedimentation,
the ecological considerations and possible damage to the reservoir
recreation potential and the fact that the quantity requirements are
relatively small, no source of embankment drainage materials capable
of ‘economical development as a borrow ares within the reservoir area
between the two dams was found, but several undeveloped and commer-
cial sources were located within a reasonable haul distance of the
site.

lS. Impervious Embankment Material.

a. Distribution and Description. Impervious embankment material

will be obtained from the giacial till deposit in Area A (about 25
acres). About 75 percent of the area is wooded, the remainder being
cleared. The area is covered with 7 to 12 inches of topsoll and
forest debris. Explorations in this area indicate that the lower
limits of the +till are determined by the bedrock surface at depths
from 17 to over 55 feet below the ground surface. The bedrock sur-
face ocutcrops near the north end of the area adjacent to and in the
existing streambed and also just west of exploration BD-8 at about
elev. 925. The impervious embankment material in this ares consists
principally of brown, gray-brown and gray, moderately compact to com-
- pact, gravelly silty-cleyey sand (SC, SM-SC) and sandy silty clay
(CL, ML-CL) with cobbles, occasional boulders and occasional minor
zones of gravelly silty sand (SM). In some areas, boulders occur at
the ground surface in thick concentrations. The fine content of the
materials range from 30 to 65 percent of the component passing the
No. &4 Sieve with the bulk of the material having fine contents rang-
ing from 45 to 60 percent of the same component. Gravel contents are
generally less than 25 percent., For the most part, the material is
slightly plastic, exhibiting liquid limits from 20 to 26 and plasti-
. eity indices from 2 to 10. Activities (based upon the minus No. L0

Sieve size particles) range from 0.10 to 1.43 with an average of 0.43.

Observations in borings at the time of drilling indicate that
water levels in the borrow area range from less than 1 fool to as much
as 15 feet below the ground surface. In the dug water supply well ad-
jacent to Bragg Hill Rosd and in an observation well installed at bor-
ing BD-3, periodic obsexvations during the three summer months indi-
cated a progressive drop in water levels from approximately 8 feet up
to 15 feet below the ground surface. It is therefore apparent that
in addition to considerable local variations in the depth to water
throughout the area, the water level is also subject to considerable
seasonal fluctuation as is typical in tiil.



b, Permeability. Permeability tests were performed on two
samples of impervious meferial. On the basis of the resulis of these
tests, visual examination of the other samples and the results of
mechanlcal analysis, it is estimated that the coefficient of perme-
ability of compacted impervious materials will range from 0.0l x

to 0.1 x 107" em/sec., vertically, and that the horlzontal will be
about four times the vertical,

N

¢, Consolidation. Two consolidation tests were performed on
representative samples of impervious embenkment materials (BT-1, B-3
and BT-2, B-2) which were compacted at a water content two percent
above optimum, The test results for BT-1, B-3 indicate & compression
index (Cﬁ) of 0.080 and a coefficient of consolidation (Cy) of
45 x 10- 2/sec., at & loading equivalent to the maximum embankment
loading whlle those test results for BT-2, B-2 indicate a compression
index (CE) of 0.083 and a coefficient of consol:.da,tlon (Cy) of
75 x 10~ cm?/sec., at the same loading. On the basis of these test
results and experience with compacted fills of similar materials, it
is anticipated that most of the settlements in the £ill will occur
during construction and that post-construction settlement will be neg-
ligible.

d. Compaction Characteristics. Standard compactidn tests were
performed on four samples of impervious embankment materials from test
pits BT-l, BT-2, and BT-3 with the following results:

Group Letter‘ Maximum Optimumn
Pit Sample Symbol Dry Density Water Content
BT-1 B-3 se 119.8 pef | 13.0 percent
BT-1 B-6 sc 12k .6 11.2
BT-2 B-2 s¢ 125.6 10.7
BT-3 B-5 SM . 119.7 Sol2.b

These samples are considered to be representative of the bulk of
the impervious embankment material in the area with the sample from
BT-1, B-3 representing the finer phases and the sample from BI-2 rep-
resenting the coarser phase. Natural dry densities of the components
passing the No. 4 Sieve, as determined from chunk samples from BT-1,
BT-2 and BT-3, ranged from 92 to 100 percent of maximum compacted dry
density in the depth range of 2 to 10 feet helow the ground surface.
Information from other explorations indlcates that at depths greater
than aboult 10 feet, natural dry densities are higher and may exceed
100 percent of maximum compacted dry density. The natural moisture
contents of samples from these test pits varied from 0.7 percent below
to 4.6 percent above the corresponding optimum water contents. The
water contents of the samples from the borings made in the area aver-
age 1.5 percent less those from the test pits. These lower values



reflect the effects of dry weather as the borings were made during
the summer months and the pits during the fall. Considering these
factors, it is concluded thet the natural moisture contents of the
impervious embankment materials in the borrow area may range from
2 percent below to L percent above optimm. It is anticipated that
with the drying associated with excavating, hauling and spreading
operations, placement moisture contents can be maintained between
2 percent below and 2 percent above optimum with little difficulty.

e. Shear Strength. Q, R. and § shear tests were performed on
samples BT-1, B-3 and BT~2, B~2, Although these two samples are
typical of the bulk of the impervious embankment materials in grada-
tion characteristics, they are definitely more plastic than average
and show activity values well above average, 1.43 and 0.65, as com-
pared to an average of 0.43. With respect to shear strength, these
samples are considered to represent the weaker phase of the impervi-
ous embankment material. The tests were performed on specimens pre-
pared at moisture contents corresponding to 2 percent below optimum,
optimum, and 2 percent above optbimum at densities corresponding to
96 percent of maximum dry density and also at optimum water content
and maximum dry density. The Q and R tests were controlled strain
triaxial compression tests run at rates of strain of 0.06 and 0.01
inches per minute, respectively. The S tests were of the direct -
shear type. OSpecimens for the R tests were saturated by the back
pressure method. Detailed shear test data reports are included in
Appendix B of this report. Shear strength envelopes selected for
design are shown on Plate No. 8-1k. : '

16, Embankment Materials from Required Excavations.

a. General. The major excavations for this project are those
of the foundation cut-off and spillway channel and to a lesser degree
from the excavations for the foundation drain and conduit. A1l suit-
able material from these excavations will be utilized to the extent
practicable in the permanent work. Most of the material from founda-
tion cut-off and foundation drain excavations in the wvalley is of a
pervious, granular character and will be used in the pervious fill
zZone of the embankment. The remainder of the material from the re-
guired earth excavations are of variable character and, for the most
part, will be utilized in the random fill zones of the embankment.

b. Pervious Embankment Materigls.

(1) Distridbution and Description. Pervious fill meterial
will be obtained principally from the portions of the required earth
excavations for the foundation cut-off and foundation drain. The
bulk of pervious £ill materiel will be obtained from the excavation
of the foundation cut-off between Sta. 7+50 and Sta. 13400 and above
certain elevations as shown on Plate No. 8-k, Engineering Soils Pro-
Tile A-A. The remainder of the pervious material will be obtained
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from the foundation drain between Sta. 6450 and Sta. 9+20, and Sta.
12+75 and Sta. 13+50 and the spillway discharge channel downstream

of Sta. 9+00. 1In these selected reaches, material meeting reguire-
ments for pervious fill can be obtained with only a minor degree of
‘selection and separstion. Material in the foundation silt layer of

the foundation cut-off will be separated and utilized as random f£ill,
The pervious embankment materials from these sources will consist of

a variable, brown, generally Jloose to moderately compact, silby sandy
gravels (GP-GM, GW-GM) sandy gravels (GP, GW), gravelly sands (SP-SM,
SP) with numerous cobbles and some boulders and with some minor quanti~
ties of stratified m-f sands (SP)} and silty m-~f sands from the terrace
feature between Sta. 8400 and Sta. 9400, Silt contents range from 3 to
30 percent but for the bulk of the materisls are less than 15 percent
of the component passing the No. L Sieve. Gravel contents of the sands
generally range from 5 to 45 percent. Based upon borings, 80 percent
of the material contains at least 20 percent gravel sizes and 60 per=-
cent of the material has over 40 percent gravel sizes.

(2) Permeability. Permeability tests were not performed
on sanmples of pervicus embankment materials. On the basis of visual
examination of the samples and their grain-sized distribution curves,
it is estimated that the permeability of the compacted pervious fill
will have coefficients of vertical permeability ranging from 25 to
200 x 10~* em/sec., and with ratios of horizonbtal to vertical perme-
abilities ranging from 9 to 16. '

‘ (3) Shear Strength Charscteristics. Shear tests were not
performed on samples of pervious embankment materials. Experience
with similar materials indicates that shear strength parameters of

P = 35° and C = O are reasonable.

¢. Random Embankment Material,

(1) Distribution and Description. Random embankment ma-
terial, Class I, will be obtained from all required earth excavations
other than those designated as sources of pervious fill material in
Paragraph 16b(1) above.

Random embankment material Class ITI is the same as random fill
Class I except that screenings produced in the preparation of rock
protection will be utilized in Random Fill Class II. The random em=-

. bankment material Class I from these sources will consist prinecipally
of variable, nonplastic, gravelly silty sands (SM, SP-SM) and silty
sandy gravel (GM) (till) with some vhases of sandy gravels (GP) and
gravelly sands (SP), (outwash) and with numerous cobbles and boulders.
The silt contents of these materials generally ranges from 5 to 4O
percent of the component passing the No. 4 Sieve while the gravel
contents of the sands generally range from 10 to 40 percent.



(2) Permesbility. Permeability tests were not performed
on samples of random embankment material, Class I, On the basis of
visual examination of the samples and their grein size dlstributlon
curves, it is estimated that the permeability of the compacted random
fill material, Ciass I, will be highly variable with the coefficient
of vertical permeability ranging from 0.1 x 10~ -l to 200 x 107" cm/sec.,
Eluh the ratio of horizontal to vertical permeabllltles ranging from

to 9. :

(3) Consolidation. Consolidation tests were not performed
on samples of random embankment material, Class I, Experience with
similar materials indicates that the random embankment material
Class I is of low compressibility when compacted and thet no signifi-
cant settlements will occur in compacted fills of this material.

. () Compactlon Characterigtics, - Compaction tests were

not performed on samples of random embankment material, Class I.

(n the basis of experience with similar types of materlal it is
estimgted that the maximum test densities would be in the order of
130 pounds per cubic foot. It is anticipated that placement moisture
contents between optimum and 2 percent above optimum for the bulk of
the meterials (modified till) can be maintained with a modersfte
amount of moisture control.

(5) Shear Strength Charascteristics. Shear tests were not
performed on samples or random embankment material, Class I. BExperi-
ence with similar waterial types indicates that while the shear
strength will be wvariable, the weskest phase will have a shear strength
only slightly greater than that of the impervious embankment material.
In view of this and the fact that some impervious embankment material
may be placed in portions of the random fill zone of the embankment,
it is considered advisable to use the design shear strength parameters
selected for the impervious embenkment material, also for the random
embankment material. :

17. Embankmeﬁt“Drainage Materials and Gravel‘Bedding;'.‘

* a. General, Sand fill, Processed Send Fill, Gravel Fill and
Gravel Bedding materials will be furnished by the contractor from
commercial sources. Several commercial and undeveloped sources were
located within 15 miles haul distance of the damsite.

b. Gradation Specifications.

(1) Investigations of the probable sources of gravel bedding,
gravel fill, sand fill and processed sand fill materials indicate that
the following gradation specifications can be satisfied by materials
available from commercial and undeveloped sources within 15 miles of the
damsite. The specifications for masterial which will act as a filter
have been established in accordance with the filter design criteria set
forth in EM 1110-2-190L, "Seepage Control."
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(2) Gravel Bedding. Gravel Bedding material shall consist
of sandy gravel composed of tough, durasble particles of natural sand
and gravel except that particles lerger than 3/8-1nch size may be
crushed stone. The material shall be reasonebly well-graded between
the following limits: :

Sieve Size Percent Passing
(U.S. Stendard) by Dry Weight
- 6-inch 100
1-inch . 50-85
‘No. 4 30-60
No. 16 15-40
ﬁo. 200 | 0-5

(3) Gravel Fill. Gravel fill material shall meet all re-
quirements specified for gravel bedding with the additional require-
ment that no more than 10 percent, by dry weight, of the component
passing the No. L Sieve shall pass the No. 200 Sieve.

(4) Sand Fill.  Send £ill material will consist of approved
bank-run, reasonsbly well-graded gravelly sand or sandy gravel fur-
nished by the contractor. Of the component passing the 3-inch sieve,
between 30 and 75 percent shall pass the No. b U.S. Sieve. Of the com-
ponent passing the No. 4 Sieve between 10 and 50 percent shall pass the
No. 40 Sieve and no more then 10 percent of the same component shall
-pass the No. 200 Sieve.

(5) Processed Sand Fill, Processed send fill material shall

meet all the requirements for fine concrete aggregate except for the
fineness modulus.

(6) Oversize Stones., Stones having meximum dimensions greater
than 2/3 the thickness of the loose layers in which any of the foregoing
materials are to be placed, shall be removed at the source of the mate-
riael or from the fill,

c¢. Permeability. Permeability tests were not performed on samples
of embankment drainage materials. Based on the specified gradations and
experience with similar material, the following permeability character-
istics have been estimated for compacted fills of these materials:
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- Material Ry ~.em/sec. kh/kv
Gravel Bedding ' over 25 x 10"1‘L -l
Gravel Fill & Sand Fill over 100 x 10’” 7 9
h

Processed Sand Fill , over 200 x 100 . 9

d. Shear Strength. Shear strengths were not performed on
samples of gravel bedding and embankment drainage materials., On the
basis of the specified gradations and experience with similar mate-
rials, it is considered that the following shear strength parameters
are reasonably conservative:

Material : Q - degfees ‘ c - tOns{sf

Gravel Bedding : 35 ¢
Gravel Fill & Sand Fill 35 0
Processed Sand Fill ‘ 35 .0

18. Rock Protection. Rock for rock protection will be obtained from
the required rock excavations. The excavations in rock are relatively
shallow, and will be largely in rock which is broken by closely spaced
weathered joints and d&irt filled seams, It is expected that much of
the rock will break to small sizes and the blasted rock will tend to
contain a high proportion of dirt and fines. Particularly in pegmatite
phases of the rock, many fines will be produced. It is considered nec-
essary, therefore, that the blasted rock be processed over a lb=inch bar
grizzly to remcve surplus fines. The screenings produced in this opera-
tion will be utilized in the Random Fill, Class II zone of the embank-
ment. It is estimated that losses incurred in blasting and handling
will offset bulking of the blasted rock so that with processing, a fac«
tor of 1 to 1 of the in situ volume should be used for estimates.

F. DESIGN OF EMBANKMENT

19. Design Criteria. The design of the dam embankment for this proj-
ect was developed in accordance with the criteria set forth in the per-
tinent sections of the Engineer Manual EM 1110-2-2300, "Earth Embank~
ments" and other manusls and technical publications referred to therein.

20, Materials for Embankment Construction.

a. General. The quantities of embankment materials gvailable
from the required and borrow excavations and the proposed utilization
are indicated on the preliminary materisls usage chart on Plate No.
8-29. The quentities shown are subject to modifications during the
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preparation of contract plans and specifications. The embankment
has been designed so that most of the meterials from the required
excavations can be utilized in the embankmen$ without stockpiling.

b, Requlréd Barth Excavations., Of the estimated 257,000 c.y.
of required earth excavetions, about 63,000 c.y. will consist of
topsoil and other stripping material unsuitable for use in the con-
struction of the embankment., The remaining 19%,000 c.y. will be
utilized in the compacted random and pervious f£ill sections of the
dam embankment. About 55,000 c.y. of this material will be suitable
for use as pervious £ill material while the remaining 139,000 c.y.
will be sultable for use as random f£ill material.

¢. Required Rock Excavations. It is estimated that about
49,000 e.y. of material will be excavated from the required rock ex-
cavations. It is anticipated that, after passing over a L.inch bar
grizzly, the embankment volume of sultable rock mater1al will be
about equal to this excavated volume,

4. Borrow Excavations. About 726,000 c.y. of earth are avail-
able from Area "A® of which as much as 71,000 c¢.y. would have to be
removed as stripping. The remaining 655,000 c.y., available after
stripping, will be suiteble as impervious fill material, Although
a stripping depth of 7 to 12 inches is considered adequate, an '
assumed stripping depth of 2 feet has been used in making the estimate,

e. Meterials Furnished by the Contractor, Gravel bedding,
gravel fill, sand fill and processed send fill materials will be fur-
nished by the contractor.

21, SelectionJof Embankment Section.

a, Jeneral. The selection of the dam embsnkment section was in-
fluenced chiefly by the availability of large quantities of impervious
fill material from & nearby borrow source and meterials from the re-
quired excavations, the availability from nearby sources of sand fiil,
processed sand fill, gravel fill and gravel bedding, and the presence
of the fbundatlon silt layer in the valley. The selected dam embank-
ment section is shown on Plate No. 8-17. The selected section consists
of a large upstream impervious fill zone with a contiguous impervious
foundation cut~off to grouted bedrock, a downsbream compacted random
£ill zone and berm, an inclined internal drain of compacted sand fill
with a contiguous horizontal drainage blanket and layers of gravel
bedding and rock protection. The downstream berm extends only across
the valley, Station 9+00 to Station 13+00. The downstream drainage
blanket composed, in part, of pervious fill and the dowmstream random
£ills zones provide room for the direct utilization of materials from
the excavation of the cut-off, foundation drain and spillway in order
to reduce the amount of necessary stockpiling of excavated materials,
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b. Foundation Cut-Off Versus Upstream Blanket. The possibili-
ties of utilizing an upstream.1mperv1ous blanket to control seepage
_ through the foundation was given serlous consideratlon. It was found,
however, that the quantity of seepage with a blanket would be on the
order of from 2 to 7 e.f.s. with the reservoir at recreation pool level.
With this rate of seepage, it was apparent that frequent drawdowns of
the recreation pool in excess of 1.5 feet at the pesk of the recrea-
tion season would be required to meel industrial water requirements.
In view of this, it was decided to use an impervious foundation cut-off
to bedrock so as to avoid this disruption of the recreational function
of the project. '

22, - Slope Protection. There will be sufficient material from the re-
quired rock excavations after grizzlying to provide an upstream layer
of rock protection 3 feet thick and a downstream layer 2 feet thick.
The upstream layer will provide more than adequate protection agalnst
the action of waves up to the expected maximum hHeight of 1,9 feetb.

23, ©Seepage Control.

a. Seepage Through Embankment. Seepage through the embankment
is controlled by the arrangement and differences in permeability of

" the impervious fill zone, the sand £ill inelined draln and the hori-

zontal dralnage blanket.

The location of the internsl wick drain was selected on the basis
of intercepting seepage well within the embaniment;thus, preventing
the developing of seepage pressures, relieving pore pressures during
construction and reducing stresses along a plane through the founds-
tion silt layer, all of which could significantly effect the stability
of the downstream portion of the embankment. In the valley bottom,
the drainage blanket will include a layer of processed sand fill so

as to provide additional dreinage capacity without an excessive in-
crease in hlanket thickness.

b, Beepage Through Foundation. Seepage through the overburden
in the dam foundation will be conbrolled by the impervious foundation
cut-off having & maximum bottom width of 25 feet and extending 1o bed-
rock, by the horizontal drainasge blanket and the foundation toe drain.
Seepage through the foundation berock will be combrolled by & grout
curtain and for a limited reach over the left sbutment, by the founda-
‘tion drain. The foundation drain on both sbutments has been designed
to prevent the development of seepage pore pressures beneath the down-
stream portion of the deam resulting from seepage by-passing the cut-off
or the grout curtain.  Seepage along the conduit will be controlled by
the construction of a concrete plug, contiguous with the foundation cutb-
off around the conduit for a longitudinal distance of 50 feet.
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c. Seepage Along Bedrock Surfaces.

(1) Impervious Fill on Bedrock., In order to avoid the
detrimental effects of seepage along the bedrock surface against
which 1mpervious 111 is to be placed, such surfaces will be pre-
pared dy: :

(a) The removal of all soil and loose rock fragments.,

(b) The removal of all overhangs and irregularities
in the bedrock surface which would interfere with the proper place-
ment. and compaction of the fill materials,

(¢) The cleaning and mortaring of all cracks and
openings in the bedrock surface,

(d) The filling of large depressions and cracks and
areas beneath large overhangs with concrete where the use of mortar
is impractical without extensive special rock excavation.

(2) Gravel Fill on Bedrock. It will be specified that all
bedrock surfaces upon or against which gravel fill is to be placed
shall be prepared in such 2 manner as to insure adequate drainage of
the joints and similar openings in the bedrock.

2k, Ewmbankment Stability.

2. General. The embankment section of the dam embankment has
been analyzed for stability ageinst shear failure using the circular
arc and the sliding wedge methods of analyses. The modified Swedish
method ignoring the forces on the vertical sides of the slices was
used for the circular arc analysis. The design shear strengths and
unit weights for the impervious £i11 and materials in the foundation
3ilt layer in the valley were selected on the basis of laboratory test
results, The shear strengths and unit weights for random fill used in
the analysis are those determined for impervious fill., It is considered
that this represents a conservative approach in that the shear strength
of the random f£ill will be sighificantly higher than that of the impervi-
ous £1l1, The design unit weights and shear strengths for the other em-
bankment materials were selected on the ba31s of experience with similar
materials. ‘

b. Conditions Analyzed.

(1) cCase I: End of Construc¢tion. The embankment was analyzed
Tor the end of construction on the assumption that the time required to
construet the embankment would be too short to permit either consolida-
tion of the impervious and random fills or the foundation silt layer
under the embankment loads or the dissipation by drainage of the induced
pore pressures in the same materials. Since the conditions of this
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assumption are analogous to those of the unconsolidated undrained (Q)
shear test, the analyses were made using design shear strengths for
the impervious and random flllS and the foundation §ilt layer based
on this test cond;tlon.

(2) Cases IT and III: Sudden Drawﬂown. The upstrgam
slope of the embankment was analyzed for the drawdown case on the
assumption that the embankment is saturated by seepage during pro-
longed high reservoir stages, the pool is drawn down faster than
pore water can escape thus resulting in excess pore water pressures
and unbalanced seepage forces, The pool rises from elev, 817.5
(lowest recreation pool level) to spillway crest elev. 845 in about
15 hours and the maximum pool elev. 856 in about 20 hours. The maxi-
mum duration which the pool would be at or above spillway crest would
be approximetely two weeks. The rate of drawdown eaverages sboubt 1
foot per 5 hours which amounts to 6 days to drawdown the pool to elev.
817.5. Reference is made to the graph of time versus pool elevetion
on Plate No. 8-19. Shear strengths are based upon the minimum of the
combined R and S envelopes for the impervious and random fills, and -
the S tests for other materials. Drawdowns from maximum pool (Case 1I,
elev. 856) and from spillway crest (Case III, elev. 845) to a minimum
pool elevation of 817.0 (lowest recreation pool 1eve1) were considered
in this analysis.

(3)_ Case IV: Partial Pool. The upstreamlsldpé of the dam’
embankment was analyzed with the pool af various levels to determine
the pool level at which embankment stability would be a minimum. The
enalysis assumed that a condition of steady seepage had developed at
these pool levels., Shear strengths are based upon & strength envelope
midway between the R and S test envelopes where the § strength is
greater than the R strength for the impervious and rendom fills and
the foundation silt layer., The design shear strength for the other
embankment and foundatlon materials was based upon the S test.

(L), Case V: Steady Squgge with Maximum Storagg_Pool. The
downstream slope of the dam embankment was analyzed under the condi-
tion of steady seepage from the maximum water storage level, (Splll-
way Crest elev. 845) that could be maintained sufficiently long to
produce & condition of steady seepage throughout the embankment.

Shear strengths used are the same as used for Case IV, The design

shear strength for the remainder of embenkment and foundation soils

was based upon the S test. A horizontal phreatic line in the impervious
fill zone was- assumed using both the wedge and circular arc method. Since
the internal drain, drainage blanket, foundation drain, pervious fill
zones and grout curtain have been de31gned to prevent the development of
seepage pore pressures in locations where they could affect the embank-
ment significantly, these analyses were mede assumlng no seepage pore
pressures downstream of the internal drain.
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(5) Case VI: Steady Seepage with Surcherge Pool. The
downstream slope of the dam embankment was amnalyzed for the condi-
tion of steady seepage from maximum storage pool (elev. 845) with
an additional horizontal thrust imposed by & surcharge pool at elev.
856 (maximum pool). Shear strengths used are the same as those used
in Case V. The surcharge pool is considered as & temporary condi- -
tion causing no saturation of impervious material sbove the steady
seepage saturation line produced with the pool at elev, 845. The
anelysis was made assuming & horizontal phreatic line by both the
wedge and circular arc methods.

(6) CASE VII: Zarthquake. The dam embankment was ana-
lyzed for stability against earthquake shocks by imparting en addi-
tional horizontal force acting in the direction of potential failure
and based upon a Zone 2 seismic coefficient of 0.10, The analysis was
made for the downstream slope for Case I using the Wedge Method since
this condition is the most critical.

¢, Belection of Design Values.

(1) Unit Weights. The impervious and random £ill mete-
rial will be compacted with a sheepsfoot roller as described in
peragraph 32, "Method of Compaction of Fills", and in accordance
with a compaction specification which has been used by this Division
in the past for embankments of similer material., Experience with
this specification indicates that the densities of the | layers
compacted at moisture contents within the range anticipated for this
project will average about 98 percent of maximum test densities. The
design unit weight for the imperviocus embankment materials, therefore,
has been selected on the basis of the compaction test densities ad-
justed to include the weight of the average stone contents. The de-
sign unit weight for the foundation silt layer is based on densities
determined for undisturbed specimens. The design unit weights of the
other embankment and foumndation materials have been selected on a
similar basis using estimated densities based on experience with simi-
lar meterials. The various design unit weights selected for this
project are tabulated below: ‘

Design Unit Weights in Pounds/Cu. Ft.

Material Dry Moist Saturated ~Submerged
Roggdgggzecti§n end Gravel ¢ 120 o 140 - . 78
Random and Impervious Fill 128 140 1&3. - 80
Pervious Fill 130 1o s 83
Foundation Sends and Gravels 125 135 1k 78
Foundation Silt Layer 93 - 120 58
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{2} Design Shear Strengths. The. design shear .strength
parameters for the impervious f£ill and the foundation silt layers
have been seélected on the basis of conservative interpretatlon of
the shear test results. Since portions of the random i1l will be
similar in shear characteristics to impervious £i1l and since some
impervious fill materisl may be placed in the random fill zones of
the embankment, random fill for purposes of stability analyses have
been considered to be identical to impervious f£ill with respect to
shear strength. Shear strength parameters for the other foundation
solls and embankment materials have been selected on the basis of
experience with similar meterials. The design shear strength para-
meters selected for the various materials are tabulated below:

. . Combined
_ a(uu) R(CU) s(®) R & S
Material @ C g  C g C 9 . C
Rock Fill . - = - - - W 0 - . -
Gravel Beddihg - - - - 3% 0 - _—
Pervious and = . _ .. 5 0 - ' )
Sand Fills ' :

Impervious and B o : : 0.10(
~10° 0.5 TSF 14° o176F 32° 0 142 0.10(a) TSF
~ Random Fills - - ' 23%  0.10(b) TSF

Foundation Sands _ 30 R ‘ .
and Gravels - - - o .- T
Foundation Sllt o 120 o .56
0.25TSF 13° 0,2 2% 0.
Layer 6 5 3 ‘TSFﬁ 3 0 23‘ 0 13(b) TSF
(a2) For Sudden Drawdown Analysis. Whgre normal stresses
are less then 0.25 TSF use § = 327, C = 0,

(b) For steady seepage and partial pool analy81s. 'Where
normal stresses are less than 0,25 TSF use § = 32°,
C = 0 for impervious materials. Where normal stresses
are less than 0.6 TSF use § = 32°, C = O for the founda-
tion’ 51lt layer. S

d. Sectlons Analyzed. The upstream portion of the embanpkment at
Sta. 10+00 was chosen for analysis as being the most critical with re-
spect to stability because it combines a high embankment height with
an appreciable cross-sectional area of impervious fill. The downstream
embankment at Sta. 10450 was selected for analysis since it combines
the maximum embaniment height with the greater thickness of the founda-
tion silt layer.
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¢, Use of Computer, The stability analyses were made on an
electric computer (GE 427), for both the circular arc and wedge
method. :

" f, Results of Stability Analyses. Summeries of the results -
of the embankment stability analyses are shown on Plates Nos. 8-19
through 8-22. Typical anelyses for the critical arcs -are shown on
Plates Nos. §-23 through 8-28 while typical wedges are shown on Plates
Nos, 8-21 and 8-22, The minimum factors of safety against shear fail-
ure as determined by the analyses, are tabulated below. These minimum
factors of safety are considered adequate and indicate that the select-
ed embankment is safe against shear fallnre.

Minimum -
Factor of Safety Criteria

Case I: End of Construction
a. Upstream Slope {Circle .
Analysis) o . 2.2 ' 1.3

b. Downstreaﬁ.Slope (Wedge -
Analysis) - Sl 1.3

Case II: Sudden Drawdown -
Maximum Pool (El. 856) - , . .
to El. 817 (Circle Ana1y31s) , 1.1 1.0

Case IIIL: Sudden Drawdown -

Spillwey Crest (El. 845) S :

to El: 817 (Circle Analysis) 1.2 L.
Case IV: Partial Pool (Circle Analysis) 1.8 (El. 840.5) 1.5
Case V:  Steady Seepage - Meximumn

Storage Pool (El. 845) : 3
a, Circle Analysis ‘ _ 1.6 1.5

b. Wedge Analysis ' C2.2 | 1.5
Case VI: Steady Seepage - Surcharge
Pool (El. 856) _ o
a. Cirele Analysis _ 1.6 ' 1.k
b. Wedge Analysis | 2.2 1.k
Case VII: Earthquake (*¥= 0,10)

For Case I - Downstream

Slope - Wedge Analysis 1.0 ' | 1.0'
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25. Settlements, Except for the foundation silt layer materials, : N’
the foundation materials for the embankment are of the type nor- _

mally exhibiting low compressibflity. . Settlements in this founda-.

tion silt layer will be limited due to the thinness of the strata

and will occur principally during construction. Settlements in the

impervious fill will be practically completed during'cbnstruction.

26. Instrumentation., Four survey monuments w1ll be 1nstalled .
immediately downstream of the embankment as shown on Plate No, 8-2.
These will serve as reference points to monitor any movements that
might occur along the foundation silt layer during embankment con-
struction. An additional monument will be installed in the upstream
slope of the embankment at the service bridge pier site to allow ob-
servetion of any movements that might take place during embankment
construction. These monuments will consist of concrete-filled
plastic pipe casings set below frost depth.

27. Removal end. -Disposal of Unsuitable Materials, ‘All topsoil and
other surficial deposits of orgenic soils will be completely removed
from the embankment foundation ares and placed in the spoil area
downstream of the dam embankment or used for topsoiling operations.
No spoil material will be placed within 100 feet of the downstream
toe of the dam. In addition, surficial boulders and rock blocks
will be removed and rock of suitable size will be utlllzed in the
rock protectlon to the extent practlcdble.

28, Envxronmental Considerations, Selectlon and Operatlon of the
Borrow Area.

a. Environmental Considerations and Selection. MNatural im-
impervious earth £i11 for the dam must be obtained from till de-
posits. Till generally caps bedrock in the vieinity of the damsite
at the higher elevations. The main problem of locating an impervious
borrow area is to locate a till deposit with adequate depth. During
the initial stages of design, field reconnaissance was made and two
areas of till with possible adequate depths to bedrock were located.

One was along the west side of Bresgg Hill Road about 3/h miles north
from the north end of the dam. The other, & drumliin, located near
Barrel Road sbout 2 miles north of the north end of the dem. The

Bragg Hill Road area was selected for initial explorations since it
is within an economical haul distance for scrapers. From an environ-

ment standpoint, the damages for the Bragg Hill Road area would be
less than those for the drumlin area. The drumlin area would reguire
construction of a greater length of haul road, greater areas to be
cleared, leave final excavation that could be seen from & public
road, the relocation of a power line and improved private road,
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and the use of very productlve, currently—operated farm—land Ade-
quate depth was found in the Bragg Hill Road area and the final
borrow area has been located sbout 300 feet from the road in a slop-
ing area containing third and fourth growth trees ahd brish.’ The
land along the road is cleared and was part of an operated farm.,

The borrow ares does not effect this land for use as- farm-land or for
building development. The final excavated area will be hidden from
general view from any public road 1nclud1ng the proposed relocated
Ashburnham Road.

"b. Draln e. Prior to stripping the borrow ared, a permanent
interceptor ditch will be constructed along the toe of the borrow
area along sbout the elevation 950 contour. The ditch will be ade-
gquate to drain away all seepege water and surface run-off from the
- borrow area during and after construction and prevent any flow of
water from the borrow area down the slope below the borrow area,
The ditch will be designed with a slight gradient to prevent ero-
sion and lead the fiow to the well established channel of an exist~
ing brook which flows down the slope to the north of the borrow area.
The bottom of the existing brook is well pawed with stones and: ero-
sion is not anticipated.

¢. Excavation. The borrow area will be separated into two
parts. Initial borrow excavations will be restricted to that part
of the borrow designated as Part 1., Clearing, stripping and excava-
tion will be extended into Part 2 only to the extent necessary to
obtain the required quantities of materials. At the time of each
planting season (May and September) completed final excavation slopes
will be topsoiled and seeded to minimize erosion,

d. Grading. . It will be required to leave the excavation portion
of the borrow areas with side slopes of 1 on 3 and a large nearly flat
bottom. The final bottom will slope downward and toward the permanent
interceptor ditch described in subparagraph b. above with a grade of
approximately one percent. The surface areas of any bedrock exposed
in the bottom of the excavation will be cleaned and not recovered. The
final bottom and side slopes of the borrow area will be topsoiled and
seeded as soon as practicable after the excavation is completed.

e. Haul Road, See Design Memorandum No. 2, "General Design."

29, Highway Embankment, Ashburnham Road which presently crosses the
foundation of the dam embankments and portions of the proposed reservoir
will be relocated and completed prior to start of construction for the
dam. This relocation is currently under deésign by this agency. Special
attention will be given to the adequacy of design and construction of
those portions of the road to be built within the reservoir limits. Fills
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of significant height shall be analyzed for stability under condi-
tions of end-of-construction, partial pool and sudden drawdown,
Appropriate rock protection will be placed where the embankment
slopes will be sub;;ected to wave a.ct:.on.

30. Exl.;.tlng Westmnster Dam.

a. General, The Westminster Dam is located about 3/1& miles
upstream of the proposed Whitmanville Dam. The existing dam is
currently owned by the Nashua River Reservoir Company but will be
acquired, operated and maintained by the Corps of Engineers. The -
dam will be used to maintain a recreational pool: which will fluctuate
from elev, 826.6 in the spring Yo about elev. 825.1 in the late summer.
This was built in 1912 and rebuilt and raised a few feet in 1942,

b. Dam Embankment. The dam embankment is more than 1,000 feet
long of which about 700 feet is less than 10 feet high. Only about
330 feet of the dam is higher than 10 feet and the embankment reaches
a meximum height of about 30 feet above the old streambed, The side
slopes of the dam are sbout 1 on 1.8 and the crest is about 10 feet
wide. Both side slopes are grass-covered except for the reservoir
side slopes at the westerly end of the dsm embankment which are rip-
rapped. The top of the riprap (about elev. 828) is about 1+ feet from
the top of dam, 3 :

There is no ,information ava.ila.ble as to the in'herior ‘meke~-up of
the embankment or the characteristics of its foundation. Based upon
visual observations and geology, the foundation and sbutment soils
are sands and gravels. The interior of the dam embank.ment probably
has an interior impervious zone with a concrete core wall under the
spillway welr,. Evidently, there is no positive foundation cut-off
since seepage is emerging st the downstream ground su.‘rfa.ce zbout 25
feet away from the toe of dam at several locations a.long “the 330-foot
westerly end of the dam embankment. The landside slope is dry except
for one small, soft wet area immediately above the outlet works. There
appears to be some sort of toe drain as indicated by two drain pipes
which discharge at the Qutlet Works Discharge Area..

¢c. OQutlet Works. The Outlet Works consists of an upstrea.m inteke
tower with a short span bridge, gated twin cast-iron pipes about 2L
inches in d:.ameter embedded in the foundation soil or in the embank-
ment £ill.

d. Spillway. At the westerly end of the dam there is a chute
spillway about 50 feet wide. There are retaining walls on each side
of the discharge channel for the full length. The spillway contains
a reinforced concrete weir with flashboards, a 1l0-foot approach and a
23-foot discharge reinforced concrete slab (12 inches and 18 inches
thick, respectively) with the remainder of the discharge channel
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composed of a series of sloping steps on about an overall slope of

1 on 3. The remainder of the channel slopes appear to’ be'paved with
a hand-placed riprap. The slabs, paV1ng and walls rest on’ earth,
some of which is apparently the natural abutment soil., The old plans
show portions of an old concrete core wall under the present location
of the concrete weir., It is evident that alterations.and patchwork
have been done on the retaining walls and there is evidence suggest-
ing that the structure consists basically of a mortared fleld stone
with a capplng and veneer of concrete.

e. Operation of Dam. The top of the dam embankment is at elev.
832.3. Because of the proposed extensive recreational facilities,
the Westminster Dam will be retained and a two-pool system will be
‘required., The pool behind the existing Westminster Dam will be: the

recreation pool and the storage between the new dam’ and the existing
dam will become basically the witer supply replacement pool for in-
dustrial water supply. Present plans envision operating the two-pool
system by: A L

(1) Sﬁtisfying the initial demands for industrial water by
a drawdown of 1.5 feet from both pools (elev. 826.6 to.825.1).

(2) To meet supplementary demands during the recreation
season, the recreation pool would be maintained at elev. 825.1 and
the water will be taken from the pool between the two dams. By oper-
ating in this fashion, the lower pool would be at about elev. 818.1
for an average year and st elev. 812.1 feet for the years of maximum
expected usage of the industrial water. During critical drought period,
industry may have a need for their full allotment supply of water. If
this situation occurs during the recregtion season after the pool has
been drawdown to elev. 812.1, it will be necessary to forfeit some of
the upstream recreation pool for water supply. Provision will be made
$o that the differential head between the two pools at no time will be
greater than 13 feet.

-f. Conclusions.

(1) The present spillway has passed all flood flows since
1912 and is considered reasonable adequate to pass those peak dis-
charges that are likely to occur prior to submergence: by flood regula-
tion at the downstream Whitmanville Dam as well as those likely to
occur during post flood drawdown. The- capac1ty of exlstlng spiliway
is considered adequate to insure agalnst exc3531ve erosion of the top
of the dam due to overflow. -

(2) That under the conditions of drawdown that would oceur
in an average year (7-ft.) and for a maximum expected usage year (13-ft.),
the dam should perform satisfactorily from a seepage standpoint. The
allowance of greater seepage heads would require major explorations and
remedial work, -
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(3)  Minor maintenance might be required on the dowmstream
slope due to erosion by wave action or sloughing due to drawdown
(improbably) but not to the extent that remedial provis:Lon should be
made at the time of construction.

3l. Construction Considerations,

a. Dewatering Construction Areas, Dewstering will be specs.fied
for all areas in which earth embankment £ill is to be placed, includ-
ing the foundation cut-off. The dewatering of other construction
areas will be required to the extent necessary to facilitate construc-
tion operations, All earth excavations for the project shall be done
in the dry, It is anticipated that the dewatering of the construction
area, in genmeral, will be possible by the usual methods of construction
drainage including open pumping. Excavation for the founda.ta.on cu:b-off

in the valley will require either wellpointing or we:l.ls.

b. Rate of Emba.nlment Construction. The length of the dam embank-
ment and the topography of its foundation are such that embankment con-
struction in partial reaches is neither practical nor desirsble. Con-
struction of ‘the dam embankment to its full length; therefore, will be
specified, In genera.l, it will be specified that the top surface of
all embankment £ill shall be meintained at en approximately horizontal
level at all times during comstruction except for slight drainage slopes.
Exceptions to this requirement will be made to allow comstruction of the
embarkment cofferdam and the initial random and pervious fill zones of
the embankment in advance of the adjacent £ill zones to facllita.te direct
utilization of ma:berials from the required excavations.

Ce COnstruction of Intake Tower, Pler and Abutment for Service
Bridge. The service bridge abutment and pier will be ‘;‘.,‘ounded on the up-
stréam slope and berm of the dem embankment, respectively. In order to
avoid possible detrimental movement of these features due to construc-
tion of the em'bankment, their construction will not be started until the
embarkment has been completed to within 3 feet of the top of dam, Provi-
sions will be made in design of rockers or plates to accommodate possible
post-construction movements. The intake tower will be founded on bedrock
near the upstream toe of the dam embankment. In order to avoid stresses
caused by any movement of the upstream slope, a zone of uncompacted im-
pervious Till will be placed on the uphill side of the tower.

d. Se uence of Construction. The Ashburnham Road which presently
‘crosses the reservoir and damsites will be relocated and completed prior
to the start of dam comstruction in order that traffic will not be inter-
rupted. All other excavations will be coordinated with the construction
of the dam embankment so that the least practical quantity of excavated
material other than stripping will be spoiled,
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32, Methods of Compaction.

a. Impervious and Random Fills. Impervious and random fill mete-
rials shall be spread in layers of not more than 8 inches loose thick-
ness, Each layer shall be compacted by at least six complete passes
of a tamping roller. The roller shall consist of heavy duty drum unit
with a minimum drum diameter and length of 60 inches, The roller shall
weight less than 2,000 pounds per foot of drum length empty and more
than 3,500 pounds per foot of drum length weighted. The moisture con-
tent of the material being compacted {impervious fill and bulk of random
111, Cless I materials) shall be maintained within two percentage points
of optimum, o

b. Other Fills., Pervious, processed sand, sand, and gravel fills
materials shall be spread in layers of not more than six inches loose
thickness, Each layer shall be compacted by not less than six cover-
ages of the tread of a crawler-type tractor, The tractor shall weigh
at least 35,000 pounds and exert a tread pressure of, af least, nine
pounds per square inch. The moisture content of the material being com-
pacted shall be controlled to the extent necessary to prevent excessive
dust and rutting.

G. PERMANENT CUT SLOPES

33. Earth Cut Slopes. All permanent cut slopes in the spillway, in-
take and outlet channels will be 1 on 2 ; and, will be topsoiled and
seeded for protection ageainst erosion. Rock protection and gravel
bedding will be placed on those slopes which may be subjected to dam-
age from the action of waves or currents, run-off, seepage and frost
action. Permanent earth cut side slopes in the impervious Borrow Area
will be finished in natural earth slopes of 1 on 3 or flatter. The
slopes will be topsoil and seeded.

34. Rock Cut Slopes. The side slopes of permanent rock cuts are up

to 30 feet in depth. Although the general trend of the foliation in
the rock is northeast-southwest, it is expected that local variations
in trend, together with the observed wide variations in the attitude

of foliation dip, does not provide any particularly favored direction
for alignment of rock excavations. Side slopes of L4 vertical on 'l hori-
zontal are considered reasonable, Because of close Jointing in the rel-
atively shallow cuts, however, and the occurrence of coarse pegmatite
faciliteting random breakage through large feldspar crystals and zones
of felted mica, greater than normal overbreak must be anticipated. Pre-
splitting will be used to assist in control of overbreak and, possibly,
to obtain more stable slopes. Along the crest of the rock cuts in
areas of very close jointing or weathering, it may be necessary to roll
back the top of the slope to minimize fallouts. Overburden will be re-
moved fo provide a 1l0-foot berm at the rock surface. Rock bolts will
be utilized as mey be applicaeble, Continuous, thorough and judicious
Scaling will be done to minimize ravelling end to reduce hazard of rock
falls,
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SUMMARY OF LABORATORY TEST RESIETS
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J=i  |14,0-19,0| SP 3 0,2k 3 |
9
1

. NED Jﬁ? 510 # PROVIDENCE VIBRAYED DENSITY TEST S 'WITWIHE(TW




SOIL TESTS RESULTS

MECHANICAL ATT. NAT. [COMPACTION DATA] NAT.DRY |orner

- ) ) ANALYSIS LIMITS WATER | STNO-AASHO DENSITY
. ") o . _
3 = T . |40 S| conTent E[> i & | Les/cuFr | TESTS
adleBy|leo| Fr e 5> | % ORY wr| a¥la 4] o2 -
X X |0 )| Z=2 " o3X D Furjol s S0 2 ¢ =]
w .-.l - o o> ] 4 at - < lapi .zu ﬂ.\ « a|21F
: Tl 5| 2 [ 30298 = o | % |zlo|d
|_MD=5317934 |J=3 5,0 6,0
Jdedi [6,0= 7,0
J“'6 707- 900 M1
J=8 11,0+13.0 |8}
4 J=10 35.0.17,0 | 0,12

1

V9 *ON AIVId

FORM WAITMARVILLE LAKE

MED. 0% 510 # PROVIDENGE VIBRATED DENSITY TEST B _



=n

ST TR -0 SO A SOIL TESTS RESULTS

Y. *ON EIVid

7 B , uicnamcm. -~ ATT, NAT. [COMPACTION DATA] WNAT. ORY |4ruep
. . w T 3 NALYSIS LIMITS O WATER - [ SN0 x - DENSITY TesTs |
fsladets| Er |23 6 I P P e
:z 2::"' 3: En. g?— g&' }g E " J E; o_: < :,“.Eosa ;-‘:’. = ; :éi

» 0 |g = O E <l a [0 : o oqoxo';; (") - b "'_zﬁ
B : =] o z L I ; 44 @ ’C_) * |Els]a
- : ‘ - ' o o - 0
‘| BD-1 |1053"|d-2 | 0.8- 2.hi SM L8 hm NP | NP -
_{d=hR | 2= 5,00 MI-CT, _ 12,1 32.9
M__MM 3 33.6 003 26119
J=8 ]10,0-15,0} €L | 8 §<0,002) 26 | 17 i :
__{J-5R }10,0-15,0} CL- ' : 13.9 1k
13-11 |38,0~-20,0] €I, n*_a%g@,mzl 26 | 16 |
J=12R}|15,0=20,0! CL | '| b1 11,31 21,5
—d=lk 120,0-25.015C-5M110 W3 470,002 22 | 18 : S
1 20.0=25,0! SC-SM : 9.9 10.4
{12188 |25,0-30,0}SC-SM} - | . ] 182 9.
J=20 |30.0-35,01 SC | 8150 h2<0,001] 22 | 13 |
30,0=35.0{ SC : _9.7].10,0
_1J=25R136,6m38,3}. S0 8.7 8.4
1326 10 48 | Sc- | 8 LA L60,001) 2k | 2 ' .
J=27R1N0 5 .1 SC- : D40l 9.E
J=29R1L5 =50 0] SC 111.8 32,
=31R|50,0+55,0] SC 10,3} 11.6
BD=2 |1024§J-3R | 1.3- 5.00SM-SC} | .1 14,2
- |J=5 | 5,0-10,0{SC-SM W kg k70,001 -
J~68 | 5,0-10,0]SC-5M ' _|11,811,9
-8 {10,0-11,0{ CL, 530,001} 25 | 381 1
1310 |1h.0-158,0] s¢ {17 L 3¢ 0,001 2L | 1l |
J-21R] 1)1,0-15,0{ SC ' 9.l 30
J=12 15,006,998 SC_ 2% 14 39 0,0019 23 | 15
313 [16,9-20,0 SC |28 qhko.ool 23| 15
D (9™ 510 % PROVIDENCE VIBRATED DENSITY TEST S - WHITMANVILIE LAKE

-




SOIL TESTS RESULTS

MECHANICAL ATT. : NAT. COMPACTION DATA] NAT. DRY OTHER|
. w . 4 ANALYSIS LiMiTs | | WATER IsTne-aatnol DENSITY | o cre
26 laZelie]| Ee |28 LI ok | CONTENTI LR mlw & | es/cuFT |
x = o::.z-z :-'u_ OF |W_ i g gz ?oonvw1'!_-5>°2: 23 3 - el .
woojte | 3 o “’:E 2 | 3 ja |28 2] 3 euElkaan ) = | o [Sl2E
‘ " i LB - - d = | 2 I°z ldow ‘@ o z |xjE{wi
_ : °t 1 | ! : e | T 178 8 L} v (o)8]>
1BD-2 Pontinpe 1 '
- pO2k.9 1 10.0410.3
: . 10,M11,5
9qm01 ......
| 11,712,3
s | 3 _l 86|16 I<0, 231 18
=25} 35,0-36,0 SC_ | 81013
BD-3 110174 J=2 | L.O= 5.0 M~CH 2133165]<0,001 2i [ 17 | . | - S P
‘ J-i | 5.8.00.0 CL-islol58]<0,003] 25| 161 . : '
J=5B | 5.8-10.00 CL. , , 12.{13.8
J-fR {10,0.13,21 CL . : : :m:?n.s'
J=10 |13,2-15.00 CL |3 i35} }€0,00l 2k | 16 '-
J=118/13,2-15.0  CL _ {32,
J=12 | 15.0-20,0 S¥-5c23 BL{k3]| 0,002 20 ] 15! :
J=13R} 18,0:20,0 SM-SG . 9.310,8
J=14 10,101,2
e deed T 1111 0312
J-20 | 25,0-30,0 SM-sq & [u6 |S0 €000 20 | Ik -
ﬁ.&&-)&.ﬂ SM-SC |
30,0-35,0 SM-3G
g =288 38,0-10.¢ CL |
8 J-29 | 40,0-41.4 CL | 2[hhi5hi0,000 2k | 15
= J=30 1. cf | -
< J=32 | k3.0i5.4 SC [ 6]u61),8Ka, 23] 1k
B J=33R 43.0-45.3 SC B
J-358 hg,0.50,d SC |

NED o™ 510 % PROVIOENCE VIBRATED DERSITY TEST WHITMANVILIE TAKE



SOIL TESTS RESULTS

MECHANICAL . ATT. NAT. COMPACTION DATA| NAT. DRY

S ‘ OTHER
a_i 5 n':i . ;o E - ﬂ_é - ANALYSIS LIMITS Eg _CWOANT.'FEEF:”-S*N;?Q.NE* t LDBESP}?;:LTFYT TESTS
x x 2:: Xz &« ox w o el 2| 4 A °/¢:IDRYWT'_“>°:= 23 4 | < xidt
w - a S i:a‘ 28 o7l I | o |28]| = hd 3*&“ W “'_:; s o |u|l® z
r { o 1° | z | 3 ja%9] w o z |x|E|w
. .‘_’ . R = 3 - - ' oan 8 o
BD-dy | 992.9] 3 Jm,zmmn_e_!m holo,ome 221 361 . g '
_ J-iR [1.0w 2.9 | SM-SC . : 11.3Y 12,2
2,9- 5,05 holéal3olo,00
wTR | 2.9= 5,0 | SM , 9.4 10,2
J.10 | 5,3-10,0 | 8C Ia)38%h.001 ] 24| 183 ,
5,3=10.0 | SC : — ! 9.{10.
- ' SC- 8.9 11,
=18 .01Sc ) 8L61L690,000 | 2L | 1) i
J~19R17,4=20,0 | SC. 10,2 10,7
J=21._P0.0=25,0 | SC 0,001 | 23] 15
J~22RP9,0.25,0 | SC : _ | 8,7 114
» 0.01s¢ P1{o{3o4db.001 ¢! 25 | 15 -
=25RP5,0=3040 | 5C 5 I 9.811,6
N 0,0-35,0 | SC 1 i '9:%2-’4
Joz0be do lse miBale.on| 25| 18
~31RPS -0 |SC 1 2.912,0
Je3uRho SJa.ofsc )] | . .02
1B3D.8 1972 2 J3R | O,B= 2,3 1 SM : ' 10.311,2
doi 12,3~ 5,0 1CL |7]k0 0,000] 23} 15p |
- 2:3= 58,0} CL = : : 11.812.2
] J~8 |S.h-9,2|8M h6I53131l0, _
8 «9R | Bali~ 9.2 ] SM , _T.9.9.8]
e M) 22=10.,01 SC - ] 11;ﬂ11= :
;; | J- 0-12,9 8¢ | 7[k5|k810,001 | 25| 15 ‘
NED o5, 510 % PROVIDENCE VIBRATED DENSITY TEST - : B . WHITMANVILIE LAKE .




'SOIL TESTS RESULTS

ATT.

MECHANICAL - NAT. |COMPACTION QATA] NAT. ORY |ornen
. W, T o [ ANALYSIS LIMITS |, | WATER [oFnNOwwbblO] DENSITY | rrars
so- ‘:3’_ 56 : - ‘;"E " . _ - EE ;%NRTYE:; I; Ed“: *&5: LBS/CUFT —

, r : - )
STIESNET) T en el o) 22 (B8] [ RSRLEY S | B | & BB
| | I Cle |l FIeE s SR |58
BD-5 Cintinugd . .

972.719-13r{10,0-12,9] sc 0.1 111,

J=16R112,9-15,0] . SC | 10,0 |

J=-18 115,0=20,0| sC |17 20,0001 23 | 1) .

Jul9R118,0-20,0! SC . 8.9 110

J=22R}20,0=25,0| SC . : 8.5 110,

' 25.0-26,2]. 8¢ 120} Wiko,001] 23 | 1) |

ﬁiﬁm_m : 0 112,

J-28R{26.2-27,1}5M-50 ﬁE.s 18,

BD-§ 97?.9@:_1,2._._2,3_;_514 0.9 113,
: | 2.8= 5,0/8K3c1 & 17 70,001} 20 | 3 _
AJOR | 2,8w 5,01SMuSC 1.1-411.3

PRI PRI

«12,915M.80 , . 9.1 11.d -
J=17R113.L=1),3] SC 9.9 10,3
. |J=-19R|1h.3-35,0( SC | | | 9.2 | 9.7

3-20 115,0-20,08 8¢ | ¢}hg 46Ko,001] 23 | 3k

J-21R|15,0-20.0| SC . 23 11,7

J=23 |20,0-25,0; SC 1101 bl L6<0,001| 2L | 2k | :

ol ~2lLR|20,0-25,0] SC - o5 11.3

8 J27R|25.0-30.0! SC. 0 11,

“wml J630R | 30,0-35,0| SC . 0.9 [11.74

21 J-33R{35,0-0,0,0] SC ~ Flg 11,

| J-35 {h0,0-145.0] SC {12 b3 hPo.00 24 | 15 |

] _ 19-36R[40,0-45.0] SC_ 9.0 [13.3

NED o™ 510 # PROVIDENCE VIBRATED DENSITY TEST - WHITMANVILLE IAKE




SOIL TESTS RESULTS
MECHANICAL. ATT. _NAT. COMPACTION DATA; NAT. DRY lorneER
. l 2 ANALYStS._ LIMITS o> WATER |STNOTcASHO - DENSITY TESTS
a-J o -3»‘ :o ﬁ ":V fg - 7] EE VC%NRTYEG?; t!; ;'ait *o; LES/ERET _j
a OF |wW . Q 2] = > .
SERGHIET) 8" e E*E»‘é‘ae 26l a2 882 s ERCES 25 | B | g [afeE
o T | | s |z |2q3 s S| 2| a8
. |BD=7__{1008.% J=3R| O.h=1.5] SM 8,7.19.1
- ] gl } 1,5+ 3,2} SM 113} 12 I f == .
J-5R! 1.5m 3.2} SM 8,3 |8.8
J-TR{ 3.2- 5.0} SM - 1 6 30,4
J=9 | 5,0= 7, CL| 31 LS 5210,002] 20 | 15
MI-CL , 11.k
ML-CL| y o3 11,9
| 71s3 2ko 001] - = 2.8 30,5
sC | . 2. 711,01 -
sc Qh‘_ll L.hFonm 23 | 1 -
| s8¢ . 3 - 2 11,7
T ; 7 o - .213.2
J-28130,0-35,0f sC_ 113f}5) LhKO,001} 23 | 1)y
0,0=35.0] "SC ' 2.2 32,7
J- 40,0} sc _hou7 119
B 0-45.0] SC 118 KO,00L] 2 | 2k |
~35840,0-15,0) SC | 6.5 12,1
Bp-8 |969.0 . | ‘
4 | J=3R! 0.6~ 2,1] SM 1 .3 pl.h
Joli ] 2,1« 3.5) ML ) 6]3361]0,003% ~ | =
3 JuSR| 24m 3ele) ML |1 .1 10,7
= ~TR| 3,4- 5.0| SM . 3.6 32,7
2 J=9 | 5,0- 8,8 M |1cl39d 4§ 0, 0048 o | = :
e J=lOR 5,0= 8,8] SM 2.11.2
el =1h110,0.10,9] SM W_o.mm -] = ‘
NED Fom &40 % PROVIOENCE VIBRATED DENSITY TEST WHITMANVILIE TAKE
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SOIL TESTS RESULTS

' | MechamicaL | arT. | NAT. [COMPACTION DATAl -NAT. ORY |oruen
. w - 2 1 ANALYSIS LIMITS |, | WATER [sTNeadHel , | DENSITY | . o0
Y S laZ, a‘.o S :'3 B e §Z°DNR1;5311: .n:; x F » I; LBS/QUFT :
x=loae|¥x] v |07 Belese of| o | o |BEMo T« huE%23 22 1 2 | ¢ |53]z
' ™ o " MES e | 2 | a [28 il ) g:ﬁxgﬁ % n 5 2 |wl2|S
o el =i el S| R | [%g®
10,0-10,9] SM 2.2 |12,
10.9=13,6] SM 6.1} 9.8
15.0m18, 818 . 8.6 1102 -
| 26w 300 SM . : 9.9 110,
| 3, )= 5.0IML-CI 2| 151 53/ 0,001F 22| 2k '
| 3elim 540 |MI~CL _ 12,0 {12,
| 5.9-10,0| 5¢ | BIhAksKo. 00| o) 15| -
5.9-10,0] SC. 9.7 |12.8 -
10.0=11.2} SC . r;.l; 12.
11,2130} SC- - 19,9 12,4
15.3-17.1] SC 0.9 {11.9
SN 17.4-20.0] SC 116142 horo,0001 2] 15 _ -
L 17.4-20,0) SC- - ‘ R1.8 |12.3
g .

"NED Fo™ 510 # PROVIDENCE . VISRATED OENSITY TESY o o o WHITMANVTTIR TAKR



solL TESTS RESULTS

MECHANICAL ATT. ' NAT. COMPACTION DATA| NAT. DRY

. " . b . OTHER
3s | ;6' z . ;_lé.. — ANALYSIS LIMITS ‘é; ?:g:r?:n 5k £ * E Loa?/gg:r- TESTS
Rl EFEE L A - %}v\} ec| 5| o |BEMT ] s pegoE3 2 | 2 | o |5l
» » Clo e] 2 |a n0] X o 02Xy 2 | & s (9zle
° Cle | E{aE s 3| F | |s8t
BT~1 |1047+[B-1 | 1.0- L,0{SM-SC| 9kl L7 0,003¢ 23| 17 ‘
| o | 1,00 1i,0/SM~SC] T 1 1 l7.818.2] 1
g.'.a L0~ 6,0} SC |13 0,002] 2hi15 [2,67f 1.0/119, - ixlx
‘Eﬂ !_-Lgo" 6!0 SC 2’-]- - : uoh ) 01 ] F-z503 05- .
k4 | Lh.o0-6,0] sC 112 12,6 113 ' 121.1 16,6
~{¢R | ko600l sc 1 J | 1 ' d.u;us.o B
E-6 6.0-12.0! ¢ l11ined blkb.oo1t 2ki 15 |2.71 n3.2032h.8 ‘
4,0a12,0] SC_ 1og 0,2 13.5 . , :
i 6,0=12,0f SC | 8 Q18,310 ol ﬁp
lrxﬂ__é.olw.o SC 12,7 _ ‘
. i d
B2 | 978+l021 1 1.0m 9,01 4L - - b 25
"%_1,0. 9.0| SC_ 125 . - 11.5 15.3 _ el Pahi, ¥
' 1.0 9.0! s¢ WA 39l 0,008] 2Ll 3k 12,790 0.71225,8 1 |=ixlx
~_l3-3r ] 1,0= 9,0| SC . . I Y2 , 2
9,0-10,0} 5C | . 9.3 10,0 | 1 31,5 h29. B
<& | 9.0-10,0] 5C 1 L 1 l8.910.0 32,2 ho8, £
_|B5 | 9.0-10.0! SC hehgo,m 23 ‘
| la=6r | 9.0-30,0] SC TR TN §
2 [pr3 | 969+jcd | 2.0- bool¥cll o | B b M | .6 his, A
&1 “lc2 | 2,0- ho[M~CH{ @& | 1 S TRI 6,9 11314 M
3 B-2 | 2,0 b,0{M-C 57 0,002 25| 18 -
- -hoiM—ch | | | . 3,8 W91 ' '
E' Cedt | Jio0=30,08 ML—CL - - 33,1 ' -118.7 16,7
| Cely | 1,0-10,0 ML-CYY 33 _ | ]sajeob | . 28.7 p15.Y
NED 5. 510 % PROVIDENCE VIBRATED DEWSITY TEST o | | ~ VHTTMANVILLE IAKE




'SOIL TESTS RESULTS

MECHANICAL ATT. " MAT. [COMPACTION DATA] NAT. ORY [orner
T _ w ‘i _ANALYSIS LIMITS o WATER ~ | DENSITY TEST
3 = |d:| E. |28 ‘ & | CONTENT[ K[> ~|* « | LBS/CUFT s
- LTI -] - oy i 5> | % ORY wr| e¥|le &) 4> :
X ® |lOoju] T2 v o3 WE of o= FuxlaZ ol 5O a ¢« |=|d
- L™ « ar ez =€ - 4 jax) o < larE| -EOL TN 2 <1212
= o »n | =l o L N o logO|x Ul T w [ ° lw|®|x
5 z | 3o9°Yg| @ o z |xicl¥
' - | s - M Rt 1)
BT-3 |969+(Gontinfied) 11 1
J - B35 1 %,0.30,0i SM. |32 33.380,0023] 20) 18}2, ' o} 219,17
J-6R | 1,0-30,0 sM | | 1 ' 11.7.12.2.

VT *ON $OVd

NED O™ 510 % PROVIDENCE VIBRATED . DENSITY TEST B . WHITMANVILIE LAKE
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APPENDIX B

DETAILED SHEAR TEST DATA

WHITMANVILLE LAKE

PIATE NO. TITLE
FINE-GRAINED
FOUNDATION MATERIALS
FD-510
B-1 - Q Triaxial Test UC-3
B.2 : Q Iriaxial Test UC-5
B-3 R Triaxial Test UC-3
B-b R Triaxial Test UC-3
B-5 R Triaxial Test UC-5
B-6 R Triaxial Test UC-5
IMPERVIQUS EMBANKMENT MATERTALS
BI-1, B-3
B~7 Gradation Curve
B-8 ~ Compaction Test Report
B-9 Consolidation Test Report
B-9a Consolidation Test Report
B-10 ' Q Triaxisl Test - Optimum - 2%
B-11 g Triaxial Test - Optimum
B-12 @ Triaxial Test - Optimum (100% MID)
B-13 Q Triaxial Test - Optimum +2%

B~14 R Triaxial Test - Opbimum -2%



PLATE NO, TITLE

IMPERVIOUS EMBANKMENT MATERIALS

B-15 R Triaxial Test - Optimum -2%
B-16 R Triaxial Test - Optimum
B~17 R Triaxial Test - Optimum
B-18 R Triaxial Test - Optimum (100% MTD)
B-19 R Triaxial Test - Optimum (100% MID)
B-20 R Triaxial Test - Optimum +2%
B-21 R Triaxial Test - Optimum +2%
B-22 S Direct Shear Test - Optimum -2%
B-23 S Direct Shear Test - Optimum
B-24 S Direct Shear Test - Optimum (100% MTD)
B-25 S Direct Shear Test - Optimum +2%
BT-1, B-6
B-26 Gradation Curve
B-27 Compaction Test Report
BT-2, B-2
B«28 Gradation Curve
B~-29 Compaction Test Report
B-30 Consolidation Test Report
B-30a Consolidation Test Report
B-31 0 Triaxiel Test - Optimum -2%
B-32 Q@ Triaxial Test - Optimum

B-33 Q Triaxial Test -~ Optimum (100% MID)



PLATE NO. . TITLE

. IMPERVIOUS EMBANKMENT MATERTALS

B-3h Q Triaxial Test - Optimum +2%
. B=35 ' R Triaxial Test - Optimum -2%
B-36 R Triaxisl Test - Optimum -2%
B-37 R Trisxial Test - Optimum
B-38 R Triaxial Test - Optimum
B-39 R Triaxial Test - Optimum (100% MTD)
B-lO R Triexial Test - Optimum {100% MTD)
Bail ' R Triaxial Test - Optimum +2%
B-42 'R Trisxial Test -Optimum +2%
B-43 , '8 Direct Shear Test - Optimum -2%
B-4l4 8 Direct Shear Test -~ Optimum
B-45 S Direct Shear Test - Optimum (100% MTD)
B-L6 ' S Direct Shear Test - Optimum +2%
BT-3, B-5
B-47 Gradation Curve

B-48  Compaction Test Report
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- o et
ﬁ lol 8 < I £
=4 ' .I " = o %3"" ﬁ ; ;' J;I -
7 » =8 - st 3
-g 7 ﬁ nw FF : in
N
E ) 4
2 4 & a
Normal Stress, o, T/sq ft
Test No. / &
Water content wo | F5.4 % 55./ % % %
g Void ratio € 0.994 | 1.022
% | Seturation So | 952 %| 92.4% % %
Dry density, . 5 s
5 1b/cu ft 7a] 83-5 2Z
H S 3 Water content vl - % — % % %
S | Void ratio eq - -
; & | Saturation Se| - % — % % %
¢ 5 10 .15 20| % 'Final back pres- — _
‘ : A | sure, T/sq £t Yo
Axiad Strain, % 'g Water content e - 4] - 4% % %
Shear Strength Parameters & | Void ratio e - -
‘ ' Tnor prigcipal .
¢ = ,__if_‘___?_ stress, T/sq ft 93] 0.5¢ | 4.3&
tan ¢ = O, 095 Pefedeviator silo1-o3)ld 0.83 | 145
cm 0:32 __nfsq et |Time to failure, min 1ts] 7.4 £ 0
- Rate of/strain, 1.0% 1.0z
Method of saturation percent/min —
Nene T Tt % - % T
: Uiteasvigter o 1(01-9304} s, 02" /. 38 '
L—_] -Controlled stress Initial diemeter, in. Do 1 /.40 | 1. 40
@ Controlied strain Initial height, in. [H, | 3./5 |3./9
Type of test Q‘ITTPGOf specimen Und|5+ur~bc.d i '
Classification ' 57, . Srrjpdy /LT (A7 L)
LL Vo PL  NVF T ANF Die o 006 Gg 2.406

» .
Remarks ..qf/:'.-.ib (e

S5k ST

t i ; ) ' » ’-
Prodect )1/ Fuir S lie  Liie s

IR Tr  y 14!

Aren

s -
sl Faerss Here LS

Boring HNo. /‘Z:’ -5/ L

Sample No. /O - .73

TR 75 - 3,74

Date Hocsust ST

TRIAXTAL COMPRESSION TEST REPORT

ENG FORM
1 JUN 65

2089

(EM 1110-2-18902)

PREVIOUS EDITIONS ARE CBSOLETE

- TRANSLUCENT



& DR . -
g - TF 3 l'rﬂ i,
= HE e - :
o 1 X e i
- I S EUMBIIRIE ; _E.
o 2.0 ‘[ 4 B " - Il ii
' ! jnes O3 S Eangs =
v = - 4
- i caEn B e i
o 11 L ST 7
¢ /o lE & <
3 e ; A
a =] 45 ot ~+—
i 4 1 {
g < =8
Normal Stress, ¢, T/eq £t
H Test No. | / Z 3
Water content  Iwo { 274 %1 275 %} Z5.7% %
d | voia ratio el 0.8/5 § 0,827 6,730
)
1T 3 Saturation So| 93.7%| 94.2%] 957% %
DTy qensIty; - -
HH 1b/cu 26 a} 923 | 91¢ [ 9¢.8
1 HH | & | Water content el — 4| — % — % %
1] ¥
& | Void ratio € — - -
HEH £ | saturation s, [ —~ 4| — 4] — % %
0 5 10 15 20| % |"FInal back pres- —
M | sure, T/sq £t Yo - -
Axial S‘t.'.rain, % 3 | Water content  jwr . - &1 - g %
Shear Stre Pargmeters E Void ratio es — — _—
- Mi inedl - e .
4 = _ﬁ.'_é....f. Btgg:sl:r'r squhl 03 & ‘~34 Z’ /& 4: 32
X
tan ¢ = & //0 B reggfi'%}ga 2 (al-a3)m.9_x- 0,60 /o Gé* /’ 53
em 0.2 ©/sq £t Time to feilure, min |[tg 74 /4.5 | /50
Rate of strain, .
. . 23 o
e of saturation reent/min /03 |/ { Joe
/'\/G/?cf. Ult deviator *
: : : s%resg. ygg £t (61-03)11.11: .54 - "'_‘
] Controlled stress Initial dismeter, in. Do | /, 43 | /142 | /.43
Controlled strain —~ — o
iti h ht, in. ' fl :
@ _ In_;_al elg] ., n Hy _j,/b K VL) FE5
Type of test () ] Type of specimen //» A/ s A, rheo s
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Neow & T aeviEE ‘ . : —
e ' _ Yeas: T/eq ft (01934} 2,597 £, J5 2
D Controlled stress Initisl dismeter, in. |Dy | 250 | 280 | 2,80
N i
Controlled strain Initiel height, in. B, | 4,52 | 4.532 | ¢ 30
Type of test ) ] Type of specimen /\75‘/?;0/4/65
Clasaification C.;/;q {/p/‘/‘y' . C/.’;')/(, & ,(1/6":,", ‘) /5(:)‘ .
| A G 2 PL /A ) S Dy, 0s00s Gg =, 77

Remarks *fi":’c $S g [5% Shamn

3 .

\7/’5‘”’“ ehs ’“f’/c/.‘d w///, ‘/'fv-“’/m;i/

Prodect JLbi fanman vo e Daws oy Lake.

Pt & zm’ 4/).' (.72?//“’"/ a//a_f.d,oaf‘ Area ‘
£ .
e pppegr ey e —— :
SHAAgr Sl 4,;,/,”1;’”"// e, Boring No. A7~ 2 Sample No. A5 -2
Depth ., - ’ o
e /,_7 - F.2 Date ﬁ/?; Vi yi4
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A 'ﬁ [~ a - A ] N . N L
8 & SSwuNrd /] g
g f !' ‘I 'H 1
4 4 & &
Normal Stress, o, T/8q £t
Test No. /! v = a
! . -
%, Water content wo | /58 %1 /8.4 %) /2% /1E5%
. 3 Void ratic eo | £/ 908 | 005 | 0 402 2. 406
FLl
\ H E Saturation So | L5 9% £35./ % B2T7%| 544D
i
3t ocu £t Ta| 206 | /208 | 120 | l208
] H | & | Water content vl — #f — %] — #| — %
& Void ratio ee|] — | = - | -
£ | Saturation sel — % — ¢ - ¢} — ¢
0 5 10 15 2 E Final back pred- . _ — -
} o ' | sure, T/sq ft. Yo NI
- Axial Strain, % g Water content’ vl — % ~ % — %} — %
Shear Strength Parameterg Void ratio er | — — - -
vo 52 ° stress; T/sq ft 31 /28 | 5.241 432 | 5540
) P i [3
tan o= 2,070 | MFessrien sel{01203dnnl 1,937 Z9/7| 2./ 277
e= L i3 T/sq £t Time to failure, min |t¢ S5 2O Wers Vo
. Rate of nt.ra.in,
Method of ssturaticn reent/ni £:22 99 229 12 9-9
Ney e —— - . — —
N _ &SS‘."%}SE ref(0193)ny]  — - - -
D Comtrolled stress Initial dtameter, in. |D, | Z.80 | 280 | 20 | 2.860
< Controlled strain Initiel beight, in. |H | £.306 | 4.30 | 4,30 | ¢.F0
Type of teat () | Type of specimen Lo, [ o/
Classification *//((t’/t_)///’ L//(:( / (* Y Jﬁ//\/p /,_SC)
w7 L /4 I o ID,D C.005 (G Z7E
Remka J/féﬁ R AN 571@ Project \//_’ )
Pc:::mew: fﬂ(‘/dc"r/ s //, Ao <i i
/ ' K Area _
2 & it Y P ‘ . .
/?/”Jn“; ?’f* Vot F6 o ?f’m:g /4, 1l Boring Xo. B7 =2 Sample No. 5'~ .7~
Compiics s, Feaf Sarre Fg;m Joo'~3.0° bate T ), /)//
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) @ - y,
S - T =R T f X ]
j O_J' = N 7 . '
e e g ¢ &
Formal Strese, g, T/sq £t
8 Test No. / z 3
AR 40 -1 Water content vwi e ML E6%
. .
b -+ H Volid ratio’ el 0. | v.4/8 | o.4//
. +
N 7 g | ssturation So | 55.8 %| sy 4+ %| 57/ %
11? & Dry density, u
% g0 ; l‘bfcu £t . Ya| /3.5 1128 /[ Zp. 3
3 - -
‘\3 1 4 | Water content g | /5.4 $| /5.9 %) /52 %
: \, ¥ é Void ratioc e, | 0. £2 2378 |.Z59
§ ' & : :
QE\ E g Saturation Se | soc % ro0®| Joo®
0 5 10 15 20| % 'Fnal back pres- . o o -
‘ ] sure, T/sq lt?t {% | /o /el 720
Axial Strain, % E Water content ve | /52 4| j2od| /52 %
Shear Strength Parameter Void ratio er | iz | 257816 3259
: ' ' )3 S ETTE = -
‘ = /j’ 5 ° Bt:::ﬂ?r 7 p&l 03 / '/5 V:l e 4 -9 4 ¢0
ton ¢ = _&, 24 5 m‘éﬁ‘."%}fza e {(01-93)0yl 0,89 | 222 | 5,54
¢ w040 1/sq gt | Time to failure, min ]tf sd /B0 | 15/
- | percent/nin 0,05 | 0./6 0.5
Method of saturatien o Fre i e U027 | 7207|7057
Lackpressure 7/%9 £ 1 S AT ] Py ’
‘ | BesSTR | Crhae] 0080 ) 2276 | 44
D Controlled stress Initial diameter, in. Do | 2. 80 | 250 | 2.80
IZ Controlled strain Initial height, in. By | £33 | & 3E Lx_,;:.:__'%/
Type of test [’ IMe of -specimen :
Classification %, ;.. 7/ Cferve y SAND (Sc)
w gz PL /4 1 Ve Dig & oot Gg &0 7Z2
Remarks _ Jryessco /&% Srymin  WEEOI b Faanviile Lo oy s
Specimens moxaé‘d 2gi7 Mo & niat'), '
| I an, X -4 e
appmrpm fﬁr?’e/* :?{‘;/ 25,5 K, f(f Ares
Boring No. &7 -2 Sample No. A -.=
_ggpth /2 -2.27 Date 7., /97/
&G‘r" /of(é’ : TRIAXIAL COMPRESSION TEST REPORT
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§ 2 4 é
£FF. Normal Stress, §, T/sq ft
Test No. / Z =z
Water content w, 31 % % %
3 Void ratio €o '
e . -
H | saturation So % % % %
Dry density, ve
1b/cu £t a
3 | Water content Vg % % % %
& [ votd ratio 1ee ‘
, g Saturation S % %! 4 1
4] 5 10 i5 20{ % 'Final back pres~
& sure, T/sqg £t Yo —
Axial Strain, ’_ E Water content wr 2 % % ;)
Shear Strength Parameter Void ratio es 7 ' |
- O Tael = ;
Vo 281° Sieesr thag'st £ |53] 041 | /.17 | 2,04
tan 6 = 0. 535 Siress, /5q £t](01-03),,
o= D T/eq £t "~ | Time to failure, min Itf .
. ' _ [Rate o{ :Ira:ln,
rcent/min )
Method of saturatien = : -
Rt ——— |Majer Frinc/ief
beck pragni s ' f’éi:‘ ZZJ id M 4| /32239 j'é'?
T R . )
7 a3 BiEessy #7oq rtf(°1-o3)us
] Controlled stress Initial diemeter, in. [Dg
] - Controlled strain Initial height, in. |H)
Type of test y7 li‘y:pe of specimen ?tf«’/ﬂ(-‘/(fc*(‘/‘ .
Classitication ' &5/ zye//y ola yey SAML (3£)
w24 L /o s QRO Lo £:605 Gy 2, /Z
Remarks See Shect /of 2 /-?/ Frodect Yl uian villc D qiid Zméz-:
other Fara - ' ‘
Area ' .
Boring No. B7-2 | Senple ¥o. 5 -2
__ 57 L2/ -2.0°  |vete o o7/
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E o s Ane I=i . ﬁ
s F Zab e
© 4.0 4
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L {
2 T 1
£ 2.0 5 2 Z2
8 ” 2 ﬁ . nas =1
[N | Il - . L ¥
3 =EFF i a B - =l i
E 4 4.’1, Fi - \ \l
A 4" ’ & -1 ‘
. Normal Stress, o, T/sq ft
n
:‘}; Test No. _ / e F
S 4.0 =z =1 | Water content wg /b; S jo 6B 1006 B %
< . ‘ 3 Void ratio eo 0. 404 | 0. 907 | 2,406 B
Y 4 -
5 . vAz E Saturation Sol 72:.2 %) 70.9%] 70.7% ;
15 2. B e pe val/z08 | 1207 /20,7
}\ ort] | 4| Water content wo | /56 %] /14.8%) /54 % %
N )
¢ & [ Vold ratio ec | 0. 424 | 0. 40/ | 4. 366
& LA RS é: _:;tura.tion Sc | soo % 100 %| /o0 ® %
nal back - - -
A | sure, aq st % | 720 | 720 | 220
_ -"",‘i‘”‘ Strain, *_ 3 Water content we | /5.6%| /4£.8%] /13.4% 4
Shear Strength Parameters Void ratdo er | 0, 424 V0. 40/ | 2. 306
e 420 steons. Tioote . %3] /08 | 724 | 540
tan ¢ = _£iZ/5 N reasy Byes s lla-03)l .95 | 2.1/ | 5,28
‘ ca 015 T/sq £t Time to failure, min ltf 7 & 2,7 | /5.7
‘ ' Rate of strain, . -
rcent/min O 15 | £5./5 1 045
)bthod of saturatien ‘ {Pore Pressire Ul 70.74] r2.09 | 75,5/
Eackpiessic 7/ 59 L , R A ‘j'
T T | Bt devigter (193l 0. 89 | 205 | 522
D c@?“ne"- stress Initial ddameter, in. ID; | 2,80 | 2,80 | 250
[Zl‘ Controlled strain Initial height, in. |H, | £.30 | 4.30 | ¢ 30
Type of test R | Type of specimen Lo ,pp/deid
Classification C.‘?//?Vf/// C/Q/(\/ 5;9/\/0 (55) ' .
I o pz PL gt I /o Do oo s Gy 272 =
Remarks Prodect i/ fmariilie Ly wricr date.
~Mod ma : n7er .
z e f‘:ﬂﬂéﬁ
1e cariten; Area
., .o Ly L=
o £,
e 4""’@?“% boring v, 772 | semie ro. 52
N P N
Sheat lef Z b TRYAXTAL COMPRESSION TEST REFORT
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Peviator Stress, ) - 0y ©/8q £t

1 JUN 68

Type of test |< | Type of specimen Repiolded...

I\
& am
[. ] H 1
] I
¥ 4
W
8 z
N { '
ey M 1
Yy 2z 4 & I
Ff¢ Normal Strese, U, T/8q Tt
{ Test No. / g Z
Water content Wi % %
‘4 vold ratio e |- '
-l o
3 :
F | saturation R ) %
Dry density
Ib/eu ££ 7a
4 | Water content - Vo % %
é Void ratic €n
‘ & | saturaticn S, % % %
0 5 10 15 20| % ['Final back pres- .
. . : A sure, T/sq rt - % ‘
Ax:l.al Strain, ’ E Water content - jwr %| % %
Shear Strength Parameterg Void ratic e i :
- .  [Wiaor prigel = '
o= 277 ° stressl:r 7sqp;tl EH 912,34 | /5 | /.82
tan 6= L 525" T 8 reggfia 5q ¢ (“1'03)1:“ '
e=_9 T/sq £t Time to failure, min ]tf
. o Rate o‘f; :}rain,
- percent/min . ‘
Method of saturation —
: ) , Meijer Zrincipis , |
é’gzc,élpfels's‘ e - ﬁxziz't/..:a?f Ef 0L /2 526 | 5:/6
' I 2 2 e (91-93)4
[[] controtea stress Initiel diameter, in. (D
- cOntrolled Stl‘ﬂill Initia.l height, in,. . HO

Claseifieation (S nyr/fy Clayey SAND ( 5¢) |

n  ZzZ4 P /4 I /o V1D 2,005 18 z.72
Remarks Jeg Sheet lofd for NIt Whitmanylle Dam aid Lake
slher dala. .
/ Ares .
| Boring No, 5/ o Sample Fo. & -7
. ™ o0-5.0° vate T 197/
‘jﬁf{:i 20/2 'I'RIAXIAL COMPRESSION TEST REPORT .
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1 1 LI] i 1 HETLR W M .
& b SE i
o II3T : y A S 9,450 BRER L S6STE
Y . HE Sae SHESN SadsgRohs Y cusan esas dses
& o Hu M =T BN - . f\,
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[F00 A+ P it
- st Ry st sed i
A® ] > !
. [ -y
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él 2-0 - '&; Z =¥ o "_'-_ 7 e I...Q
| 3 =H u RS 2==5 | j
: Q 2
3 & T
o ] - I ] L 4] 1]
E f ] hf ) f i A ]
| Z 2 22 8
i Normal Stress, a, 'I‘/sq 't
:t..
;ﬁ:\ Test No. . / .2 = &4
5:"\ 4.0 = G- Water content vo | /6.5 8 /007 B| SO 7%| 707 %
S 4 | vold ratio eo | £.35¢ [ £.35% L 0:35/ | £.342
2
O T | Saturation So | £2.7 B\ £ 3% £27%| B9 %
; L denel . i - -
N 20 SR Ten Y val| /263 | 1255 {1257 | 124.7
-+
3 ) 4 { Water content v | /2¢ 4l/z7.4 4| /137 %] 122 %
[ 1] B
s HEEH | & [ voia ratio ec |£:37/ | 21364 | 2,357 | 255
L@ : %’ Saturation S¢ | o0 B soo R soo Bl joo B
: ¢] 5 10 15 20 E I'Final TB7CE 112:88-' % | 720 7 20 = o : 720
sure, T/sq ft_ 2o | :
Axctal Stra.in,r‘l 3 | water content wel 506 % /24 %) 13/ %) 752 %
_Shear Strength Parameters 5 Void ratio er | 0377 V9344 | 2:357 | €337
; S Mi rincipal : ~
$u_t24 ° Strens. Teq £t o5| 08 {22 | 229 ] 540
tan = 0. 2/5 st Tysq £61(193 0] £ B2 | 239 | 343 | 2,05
c=_&r5_ qfsq iy |Time to failure, min ltf 648 | 59.0 {1 9/8 | 9.8
‘ ngeg'f/;?:am’ 215 o5 1 ess | ors
Methed of saturation Core Fensitid . et .
o e g e T/g@iﬁ/, | U —fﬁ:3&x ?“/'-5'0;;f 7‘/r93* 7‘5'/&”
| Wteaevintor (193w /77 M| 2247 3,907 | 4,02
D_ Controlled 3.*""?“ Initial diemeter, in. D, | 280 | £/ 60 | Z280 | 2.8C
IE Controlled strain - Initial height, in. |B, | 46.22 | 4.30| 4.3/ & 34

Type of test L I Type of specimen Lo o fites’

Claggification

Grav ey

Qlayey SHAND [(5C)

L 24

T 2

D,lo OO s

Z7Z

Gg

R4

Remarks "Jr:cs.
TRECH IS rrlaided iverh

Shaun
~NoZ Aarl!
AL AEorox pRter Sonton of /8. 7%

Brodect U dman vidic. [ anid Lk

Zeost Suryes

EHA ARION s 1Y TEpSIP g OFI25 pof,
DpFs Lyl o oo . ) .
AS Gt 171t Fremt 57 e’ Ceinjpach

Ares

Boring No. &7 - 2

oy

Sample No. & -2

1
i

Depth - -
Eipt //'ﬁ,/".f/uﬁz

Date 7 5. /DY

SR Lo f Z
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£ff- Normal Stress, o, T/eq ft
Test No. / 2 Z &
Water content Yo % % %1 %
d | voia ratio eo 4 '
pe) -
1 3 Saturation 8o 9 % % %
{"Dry density, 7 :
Tt 1b/cu £t d -
HH H 4 | Water content ve % % % %
é Void ratio eq '
§ | Saturation Se % % % %
© 5 10 15 20| ¢ F'Final back press ' K
i o & sure, T/sq £t Yo 1
- Axial strgn, % 3 Water content vy % % % %
Shear Strength Paremeterg Void ratio er
- Tncipal z .
¢= 338 ° teese: Voa st £ |53 | 070 086 |73/ | /6%
von ¢ = D 6b5 Hox devigser . [(e1-03)
cm O _T/aq £t ;rime to failure, min [te
: Rate o{ :irain,
reen 143
Method of saturation ; 3 — =
i ‘ Mt o FPrancipal . _ 1. .
éé?‘é‘aé’ﬁ{'ﬂm‘/)/‘f Fess, 17’{549 £ EF V| Zis2 | 525 ‘ #7357
' o 8 geg'g‘.' %[gLﬂ. (01'03)1111'. B
[[] controtrea stress Initial diameter, in. |D,
@ Controlled ‘strain- Initial height, in. |H, = '
s e R e L o —
Type of test . | Type of specimen /?c”/ﬂa/ﬂfecf
Classification 2,0, 2/ Clayey SANLD (5E)
L 2 ' PL 4 1 /o Dio &1005 G 272

athar et

Remarks Jroc SACC’/ /p.Lg,{ec,’ = .

| Project Whitmar e Dam el Lake |

Area )
Boring No. B7-7 Sample ¥o. F-2Z .
Depth /’al‘_‘c)'ol "D&It_e \75/}1 /97/

Sher? Eofd

L £
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) - g ety 3 At oy
™ B 4 1 H S SR St i B ‘_i
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] 4 ame - ‘:; ' _Tl._ _r
NS e
» - =‘ L 1] 44+
2 » 7 = #°
§ 2 33 2 T 4 = L)
f I =] ¥ o o a
h - Eonrama g 7 +
3 nlz! s A sass
g i i [ M AREN
Z 4 T & 8
:"‘_:\ | Normal St.res’s,. o, T/sq £t
g' - Test No. SR Y R I 32 4
_ D 4 _ Water content wo | /2:5% /25%) /2 ED /50 %
QI\ e 3 Void ratio leo t o, 404 ¢.404 | 0465 (2. 422
‘ e} -
g T O | 7| ssturation So | £4.9%) 4.2 %) £6.3%) £6.7 %
) A .
8 2 P e aeo s vl 209 | 1210 | 120.6 | 1205
'(g | {3 4 | Water content vo | /4.3%} /5.9 %] /37 %] /22 %
Q ' -
ty i L noes & | void ratio ee | £, FBB | 0379 | £.357 | & 35/
\kﬁ I L & | saturation S¢ | 100 | 100 k| o0 %) o0 b
1 0 10 1 20| « i~ o
o > P S e v 0| 720 | 7220 | siv | 7o
hdal Strain, % g Water content  |wg | /#.3%| /59 4| /5/ 4| /22 4}
Shear Strength Parameters Void ratio er | 5,388 | 0,370 | 0.357 V0. 257
¢=_[E1° Steoner T D o | /05 | 2 | 724 | 5dc
tan ¢ = 4,275 X easv a5 w103l /27" L2/ 256 | 257
_Q_L_é’_o__T/sq o Time to fetlure, min |%2| /p0.7 | j0r5| 27.2 | 45.¢
' percent/nin | 2. 15 | 075 | £15 (8615
Method of su.turat:len Tore P CIS e al 72 77 Zj; F 738 F4.90
ok ressae (ot bt 17| #0720 235 44,90
| Btdeviaten e](01-93)uyl — - | &f 5N 54
D Controlled stress  [j,s41a1 diameter, in. |D, | 2,80 | mgp | 2280 | 220
B controried stratn [ e, 1n. By | .30 | 450|659 | 630

Type of test .0 | Type of specimen }fﬁj@/ﬁa/ e
Classification G uve/ly & layey SAND (5<) |
L 4 L 4 ¥ /o Dyp #0035 |65 2,72 .

Remarks " 7255 2 /5 26 Sty | B Yl tmanville Lim and lake |

J;ga/aw;s OfAE ey VS ;«% M:‘?— Maf‘l

4//{/(;/:///4;{ 7 ey @J/Zaaé </ I Area
P 14 2 . . :

3 2 / . - e

dcf/;.s.'/y Cd ch." Er7ipriecy from? 5F n/. ‘Boring No. &7~ Sample No. /& -/~

: Depth ;
- o So-2.0! Date Jarrw. /2277
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Eff- Normal Stress, T, 7/8q ft
Test No. / Z = 4
Water content ' %1 % 3 %
3 Void ratio - e
3 Saturation 8o 4 q, 4 L 3
[Dry density
T 1b/cu £t 7 _ ‘
s y | Water content wo % % % %
@ .
& | void ratio eo
g Saturation 8, . y ] 3 % %
o 5 1 15 20 :g' ¥nal Tack pres- | : ;
' : sure, T/sq ft Yo
A?:lo.l Strain, % 3 Water content: Wy 9 9 4, 9
‘Shear Strength Pm g Void ratio e : + _
. I A 15 Tnel " e vy ® -
L :é,éa:z' ° 't:eo:B??T :qp;:’h- f/f“ 03 Jud/ ﬁ' 44 & gé’ d’jo
rd .
tan ¢ = & ’ 7é o . 8 regg‘.’i%;sqa 't (01-03)]”“
m O /sq 1% : _'_I'ime tg failure, min Itf
‘ Rate o{ /;;.ram,
‘ ) percen n . .
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o Mar)or Frincipal £ L1 S { S
ek e ss s E eSS, T /5947 £ 0| 1527 | 2257] 2 _7/ .05
- ' Diress. /oq 6] (91-93)u1y .
- [ contvolrea stress Initial diemeter, in. |D, ,
4 Controlled strain Initial height, in.  |H, _ ‘ ‘
Type of test [ | Type of specimen Liv))y /) fercr
Classifieation (T o//y Clavey SAMND (5E) -
L 24 PL /g P /o Dio Co0f G 2,77 .
Remarks ¥ S5/ s /5% St \LFXOSeSt Sl it i vitle Do oo Lake
Toe Shaecl [fohZ 45 ¥ I _ :
Area e
Boring No. &7 -2 Sample No. /5 -2
Depth y -
a0l =G0’ | Dete Top. 197/
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1S : 2 A é & re
= = NORMAL STRESS, o, T/SQ FT
R ‘
o T
908 BRGNS Tess O, /| oz ‘
i e \\ - ‘ ; ?i
2 ,[ e WATER CONTENT o {74 % | B & 9’(’3 o %
N It 0q b RS ACh b _ .
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< . E —
. - z : .
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. 10GS OF FD-50U, FD~51U AND FD-52U

‘I%ST DATA AND UNDISTUREED SAMPLE LOGS OF FD-50U

PIATE ¥O. TITLE

c-1  Undisturbed Semple Log, UC-1

TEST DATA AND UNDISTURBED SAMPLE 10GS OF FD-51U

PIATE NO. . | TITIE
" @2  Undisturbed Semple Log, UC-1
©3  ° Gradstion Curves, UC-1
c-L ;_'f‘ : _ﬁndisturbed Sample Log, UC-3
c-5  Gradation Curves, UC-3
c-6 Compaction Test Report, UC-3
C-7 ~ - Undisturbed Semple Log, UC-5
-8  Gradstion Curves, UC-5
C+9 | ~ _ Gradation Curve, Uc-5
C-10 _ Compaction Test Report, UC-5

2% 5 N ‘Undisturbed Sample Log, UC-T7

TEST DATA AND UNDISTURBED SAMPLE LOG FD-52U

¢-12 Gradation Curve, J=3

¢-13 " Gradation Curve, J-i



BORING NO.

T L- 5oy

PROJECT AL trnar zidic

Length of Sample, L

Weight of Tube and Wet Soil

Weight of Tube

Weight of Wet Soif , W _
Diarheter of Tube , D : i
Total Unit Weight, 7', = —2——1_ %_5'“ = ALe T Ibstou.fr.

£.7¢

UNDISTURBED SAMPLE LOG -

. .U C = Unconfined Compression

SAMPLE NO.. ue-l DATE—_ Auq. 1970 .
DEPTH, —/2:22 to_ {£: 70 #1, - COMP.By MO, CHK'D By KRI>
LABORATORY ErRIE Ty o5 TEST
" LOG | DESCRIPTION W, CAN NO, - SAMPLES *
ST Light Lrownisti qrary Very #lors [T A T T ; :
. P Ly fore SHND (SM), piicaceoirs, | i1 |
=l LSV (o027 #hrck. 392 %o passing Ne 200 Siege RN T T
sm - | e m— st st bran vergmaist . Lo | | |
__ LSy Frre SHAND (SHT) rFricacgols
' ' L 2~ lails reddish brown sron oXide... .t | R
- Sromed srreaks. ©- 37 thick fayer ’ L :
L 0o —L8:5 2% passiig NelZ00 Gyave | L | L
T eyl b ppr
ML ‘.-’.‘Js’f_;/z.?‘(/w_) o OOE Sk Jayer PLENE
L SV SE-3%0 fossio Ne 206 Ssave £ MNP : _
' The— R ” VEr 18, i€ T R
“ . defggg/gf’mbff?};}r Mf_/?ao-aa"zzcé eLzNP PLENE
ML =17 o L8 L e ]
. U Ligh? Oreews) wWel fihe Sandy . - LearPl
Lo — 6 T _S/LT (ML) OifS Fhrck, £E.3% ii N.___P p___ ’3 f
3 ] S *yL_MﬁS&///q Ne Zeo .s/eve ' ]
w —B_—“—wq:«_ls - éggéﬁ‘ﬂ 22y LY Frie in‘ﬂQ(&kﬁ- - ]
O Micaccouws, o/ Frace of orgalilc, 0.04"
> 1. BoHN“'t't \£ thiele | 46.6% passing 200 Sieve.
— Jcm\p'l(. - |4 — Vet C',l"(’-\f 'Flhe .501’)(}\’ Orqanlc. ] [~ = = E —P— eL= N;-
i - SIET (L) ywiet, micaceous, w | hawr Z. GNL% Organic.
,’_" - 13 t; Foots, 0.0’ trick (Aqey, 511 2% | ] :
a _| 12 Z Passing Hé Joo Sieve : o
o 2 ‘ ‘ s
. sl e — ] e
l:‘i W . :
= -] e —— —— —— —— -
e 10 a _‘ . &
= o 2 e
v - ow» - ' L
-~ 8 P i ] e ———
- -7 | ] _ﬁ; . _“; | 5
— -6 I S
] —5 ) P e ] br— o — —
-4 e e ] b e ]
-3 —— — = —— —
7 A _'2 N oot o ] e ____ —
- 1 e e e e o
-0

LEGEND

in.  Wn = Natural Water Content . .
5938.,5 9 - MA — Mechanica! Analysis . . .
76D M * L.L — Atterberg Limits
p—yy - © G = Specific Grovity :
jdf./_ & 9. C - -Co’n’solid&tidn‘*‘-y AR
RoRE M. . ....Q..= Uncénsolidated Undrained : -

ro «~ Dry Density .- = -
R - = Consolidated Undrained
‘8 <= Consclidated Drained

FORM

Er &n

NED . 501

Plate No, C-L.




BORING NO.

o

TPROVECT Lz il D

SAMPLE NO.__ 4/ C- /. DATE e Fugusl /270

DEPTH: .—2:29 _to /L iLﬂ - COMP; ay&ﬁ_ CHKD By &LZ2_

LABORATORY DT ION . TEST .
. 24 r— :
- "'23 ot s e cnef e . —— co—
. '_‘2'| Cav’c -4 n’ia/&’-na/ — BRI B R
. 50 RN [ R
- . - 18 L e ] e ]
] g | E===
6 S Gray. e I § R
gl & Z caaly Lrrable, fuie | Wh=3res
Is f 7 7 .

2z ,, Fhe 2 Ty SILT (L) | | ML
1 1° L3 E LULEIECPLLS, e r gef///; | I I
| - L . . . ‘ 7 ‘ :

& iz 2¢ - - SN i S —

W _ ._

o i -'J/d///é’f/j//"c“(?/'_». ‘ SRR A A
R u \
la _«—""—‘“—'_'-'.-lo : Erocwu, very m cist, €asily griablef - | MW
15 lg E HAND (54 S _\(d_agch

< SM g 2o/ emﬁ/y Fefpping, eccaisional : Wi =257 %

g 4&?524ﬂ4g/ﬂv Splelches I I MR
: B Ze /)r‘boun,w £, easily. B Y
A s be 7 rge0r 6.‘5 asily J......... | (wa-r
3 ; ' M/ﬂ :Zél.ﬁ% )
] s -— -
F4 T 57 Sompie A i B ibaiaai
] |3 wi fred water 227 I B
. _ a[ Sﬁuw/r w/)en o/:cff;ed /
y | » - : I I S
| 2 59//5/7‘7/ 0f Sdmp/c ﬂ“()-s nof feasrble
7 -l. e faﬁ a,t’ Sample. — T 1 T T 7]
0

Length of Sample, L
Weight of Tube and Wet Soil , 9.
Weight of Tube

12 .86

Weight of Wet Soil , W
Diarheter of Tube , D
Total Unit Weight,?, =

e

UNDISTURBED SAMPLE LOG

in,
Ibs/cu. ft,

W, — Natural Water Content
MA — Mechanical Analysis
LL — Atterberg Limits

" G ' — Specific Gravily
- € = Consolidation o
" . Q_ = Unconsolidoted Undrained

Ya — Dry Density
R — Consolidated Undrmned
S = Consolidated Drained

‘NED -

o™ 501

UC ~ Unconfined Compression

Plate No. Ce2. -




€0 *oN e4FId

1 MAY 83

ENG FORM 2087 REPLACES WES FORM NO. 1241, SEP 1982, WHICH |5 ORSOLETE, PR

U5, STANDARD SIEVE OPENING IN INCHES U.S. STANDARD SIEVE mens HYDROMETER
s 4 3 2% ! % Vz % 3 4 4 8]0 1416 20 30 40 50 70100 140 200 o
100 ; i T o= AN R AL °
. = :
CHANN '
90 :
N 0
I
80 b 20
\ R
70 ?’" : \ 30 ..
- Tl e I
& N Y €
L 50 — PP w0 3
* i ) "\ :
» O] &
& so s0 2
F4 I 4
& : o
b4 : ' o
& 40 - 6 Z
* (A L2 % i ' &
30 > 70 &
\\\ 4 o
. 20 &’\ = \E&\B\_ 80
; N RS -
506 T T R T N 0.5 6o 5005 100
It R | _ T GRAIN SIZE MILLIVETERS RS 0.01 0003 . 0001
T GRAVEL - L SAND - : \
‘ COQN.ES . COARSE | - FINE _COARSE - L.v oo MEDIOM ] - . EINE SHT'OR CLAY _ ’
SAMPLE NO. | ) KE-OR DEFTH C. o CLASSIFICATION . NAT W% ‘it " ” i 2R N
Cf Mol 5507 431 /7y Line SIND &T25) - aad Wﬁ(f“@.’?“’/f Dﬂf’/ ;_
-/ Mo Z 19120 - [/, 9/ Syl farre SEND (GM) SR
Y-/ o3 5,00 /181 Fine ’p‘ﬁ/]//}/ TLT (MLI | Y ‘ co -
N , wancno. ) =5/ [/ -
- GRADATION CURVES - DaTE /44/ _/g/jf SO

U.S. GOVERMMENT PRINTING OFFICK . 1943 07 — Jop-184



Ep-51 4

BORING NO. PROJECT Mdhilmanyi/ie ,7}‘4/0’
SAMPLE NO. Lzl  OATE_ . Auguss, 1279
DEPTH: _ALL.. fo_z.Z.Zf_ﬂ " COMP. sy.zz.; CHK'D By LJL3
LABORATORY T | | TEST .
LOG - .24 DESCR[PTION \'J,JCA‘N NQ.  SAMPLES
i L 23— : — - - — — - r.._ N
| [ 32 Cave-n material A I EE
k2t L — e
i 20 e [ gy

~———L19

— Grown, yery FRCISE FIhe
L

T rle Easily Friable — T | [P =2y
o . FIT w L e ] e — —
T — [

w ‘%‘*ﬂ . -75—--—-|6 z Rack guay- black organic sea S| _M/i,é_‘f// xa’_é_
b = ck o £17] I
, T oo FhIck | 22=n~r
- : - T ) 1 ,D/ ==NP
- © Sandy 5/'47'7/1¢z_’) 5 ea.sx/i/ /f/fl —35157;'
i 12 G- S ther decayed or d/)/c: [~ 71 [R7FR= Z
e i1 ~ 747‘6’}# / 7 ] _ﬂﬁ_{_p)g_
- Tl LL=N
“ 09 \ PL =V
-« - 10 e e A e
& | a. 2L ENA
= - g = ] 62657
N 1 < . . : N =286.294
» ‘:—__“”"'_._a B~ Liosr i red heak ! I
| . , ‘
- L7 A, e ] _gd’fozl/
_ ._)dz;(// /LT (/V//.) 3 mlcacfaug S Wn =23 347
—_ 6 o s iy .ﬂ‘r/ab/g e
' - A7 AE iy -3

-4 : 'y
Betdems of Samples

-3 /Va;{‘s /E}'ee cuzr:’ef Y fo/? o[

e e

. Length of Somple
Weight of Tube and Wet Soii 9.
Weight of Tube _ g.
Weight of Wet Soil , W 9.
Diarheter of Tube , D__“.m-' in.
[ N - M :
Total Unit Weight, r' * oz

UNDISTURBED SAMPLE LOG

/9045 in.

1bs/cu. ft.

Wn — Noatural Water Content
MA ~ Mechanical Analysis
LL — Atterberg Limits

G - Specific Gravity

C - Consolidation

Q =— Unconsolidated Undrained
73 — Dry Density

R - Consolidated Undrained
S - Consolidated Drained
UC — Unconfined Compression

e ap— —— e —— s e

NEDn

FoR.501



U.S. STANDARD SIEVE QPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER

4 4 3 2'YHh 1 % ¥R 3 6 810 1416 20 30 40 50 70 W00 140 200 '
100 T T T TP : (S o
90 - - : : : E‘A 10
80 &i\ 20
L . s 11 9 : :
.70 ' - i . , ' 0 -
5 e . \ . \\ T 2
$ T T ._ B - 1T 1°=
& T ' ) - ‘ o
[ " N . L. ‘ . W
-k - , , X — - 2
i . . - ND:, . 7
& a0p — —— . —H- ~—tH 60 %
S NS | ‘ T K i 1 8
« : ! . e : — Ned &
30+ : . -+ '\G\{; - ‘ - 70 &
Ao ] 01 1 R 17322 N | A A
e ) 1, . L — -. . " ) . N h ‘P\": . - . :
]Q T - : A ._.._\NG“- - -~—90
AT _, ' — T ,
} ) : ’ o 0.5 0.1 0.05. : 01 0. ) i
500 o % M oA SiZE MuETERS S oo 005 o
N - GRAVEL . i SAND ) ' .
L F?m'ﬁs COARSE [ - emE coanst | MEOIUM 1 FINE ° 7 7 SiLT OR cpw-
SAMPLE NO. EE-Or DEPTH . CLASSIHICATION NAT W% i ! [, - v ; . .
: - ' PROJECT i/ i e L
VY e /751374 | Frne csanicdy SALT (ML) NP | NP [ NP : W/ﬂfﬂmﬂﬂ_ﬁf Licrr.
QE? N3 NoZ2 | [n 757 (374 | Fve Sandy Fre7 (mL) WNE | N NP '
& W3 Mo B\ Y TE BT Ll sandy ST (i) AREA” .
:g-" : ‘ _ SORING NO. ;0-;_5.'/[/
a GRADATION CURVES | o August 1I7e
\‘ﬂ. . - S U3, COVERNMENT PRINTING OFTICE . 1903 OF —708-126

ENG FORM .
1 MAY 82 2087 _ “MCESWﬁ!OfMNO. 1241, SEP 19462, WHICH IS OISOLETE.



- .

— - —_
174 | \.
\ N
Y
_— ;\ '\:Q %\
. A \\ Y (:)‘ b
-z _ F AN B il
L A \:5‘._,
) i |~
T e
- TR X
& 5 DAY \ﬁ\ﬁ
= 170 A N o v
e + el e
—t o Nl
17 A AN A\
2 & | N
a . \ M
i ' N X
; 108 0
K N
\ ) S
TN
108 A\
3 /0 2z 7F 74 78 Zo
' Water content, percent of dry weight o
%”,‘ff{:‘?f d”” /_Zt’?/ ,,;:'f"léf Ccmc‘tioﬂ test ’ ) p )
- - TP rige & : - . e . .
= G ;er each of _ ] layers, with o B ERANE . ramer and
- Jinch ‘drop. / /6 inch diameter mold
‘Sample | Blev-or - _ %> %>
¥o. Depth - lClassificat‘.l.On. ‘G LL _ PL §o. b |3/4 in
5 sl fivie Somdy SIET (LN 2.5 AP | AP = &
: ‘ 7 - - :
Sample No. UC 3
Fatural water content, percent _
Optimm water content, percent /‘; Z
Max dry density, 1b/eu £t~ N
K o [ Progect . L .
Remerks Adyszegioiess s fh/*.us,/ J //VA(/?‘/?);?/);"/ e ﬂg?;zv
L .A,,,}Hrd/o'g ,/_4- N ':""', i;:‘..f';ﬂ, . . .
oo, A //:‘. S € e e AL o Area .
. rd .
o . Ve o .
i i d 5y see [|BOTINE RO LD &) Date /% \/ 4
rd =
oA Zhg gt COMPACTION TEST REPORT
Erfuioéu m] (EM 1110-2-1906) | PREVIOUS EBITIONS ARE ossot.;r‘r. A236569

TRANSLUCENT : Plate No, C-6



_‘,Lenqth of Somple
‘Weight of Tube anhd Wei Soil .

‘Weight of Tube

BORING NO.__£L0 - 5/ L/ PROJECT W/&);.’zm/,-;»« L
SAMPLE NO 2Lk ;  OATE o A gust (570
DEPTH. /3. /‘7 |0 /5 /5 ﬂ COMP By.w.._CS CHKD By.b_:ﬁ_..
LABORATORY ' DESCRIPTION W, CAN No. SATME,E’JES
bos —— Cove 1n wialerial - ___ e e o ]
S w29 o _row, '1/&/5'9"/?70}3%;?'}}1/%3' D B
SRS e T AT B Wn = ’4’.{/
"vﬁ_@@\ J(i/’/ﬂ// 5/117'//’7/.,) hiseaceaysl L
-:TI‘S S ﬂa'///_f;/rméé 5//45//{/ s//cév 3 R N
. \'—ﬁf&af” ///t/ ///}f’ f/,r’A/O/SMj B SR ok g_ '
- Sers yazzf/y &P, 0103 ’f/,uc/c .f. ’ M A ZHydr 3
| b7 omand o/l thick ] //szsz_zé .
‘w 16 - - == —
W 2 Sl
bl - 15 ' -= — — P — =
s . x 452638 M‘A’ fﬁy’da *g
. LS k= iy —_ Wn E8.3
- : 0
&.I. 1 T _la_,_‘i-'__._-— Zopg- c-‘fi frery exide statned _“ N
e | "fﬂ - Zireaks - b e
3 o "' - "m"'j_— L?fﬂYIS/r L H,{,m’ wef‘, 5///L/ ./}/, . _ __ ______ __E"/_Z Ai"__z?__
o R a  FHND {sM) : A F Hyele = f
- g 7 B A '
. . _7 . ] b — — '_|
.._#T‘\—::T;:a ‘ Very @2ieISt S if Siity C’/J)/ /a.) — T T [T egs 'Z: :
L5 /f“”‘ L O Lma-4 .
. Al Fcraetiiva /’r/.i'/éfmrw ar e (/ R e
4 f’€’r/ Seams o fKniC Sdudy e ] e ]
L TFT ML) .
SV o -3_‘ cron / S T ,// ﬁ‘/L-r(//m) /r//.s — T T T
N . P el //trc‘/:. :
Tf)n‘Hf‘\"\ c‘{- Doy pié' -~ 4 : - .
[ /‘/d;‘zg, & ’z“/z?ndﬂ'*/ an‘: — — 1 T 7 7
0 Hed dederniied ofue Ao /m’c i ma*'/

LEQEEQ

in.

L Z-_é"

g} . MA=— Mechcmcol Analysis
LL — Atterberg Limits

- -9 G — Specific Gravit
Weighf Of WBi Soil » W q. c - COr.so"doﬁon y ‘
Diarheter of Tube .rD : .in, " @ = Unconsolidoted tUndrained
Total Unit Weight, e Ibs/cu ft ¥y - — Dry Density
- t" "Lo? R~ Consolidoted Undrained
UNDlSTURBED SAMPLE LOG . . .- .= Consolidated Drained

UC — Unconfined Compression

W, — Natural Water Content . L

:

NED .F2*.801 .

Plate Nos C=7 .



6=p *ON °%%1d

U.S. STANDARD SIEVE OPENING IN: INCHES 'U.5. STANDARD SIEVE NUMSERS - HYDROMETER
6 4 3 2 YA T U BRI 4 6 810141 20 30 40 50 70 100 140 200 ' ' o
1 T T T _|$=H= =TT T T 1 Tt rTr 1 1°

100

1

70——+—1— T Tt - — - 3.

60 ' . 1- — ' , 1 3 5 R Y /P

s ' - . _ T —+ ‘ — et —1s0.

401 : 4 . ' ' S L - 0

_PER CENT FINER BY WEIGHT. .
PER CENT COARSER BY WEIGHT

20p——— | S .- B i e S & B e 1 B S A U I 1.

.04 0.05 . 0.017 0.005: = . 0.001

100 50 L1+ -

g

L 0.5 .

. GRAIN SIZE MILLIMETERS

. COBMES - - — GRAVEL : . SAND ~

. © s | _FINE _coamse -]  meowm [ - mne

COMSE , .
: SAHP‘I.ENO GLEL-OR DEPTH . . CLASSHICATION . NAT- W% W ” . M - } ' . - e
UC-5_[fod| j2. 04" =6 751 Frie ity STLT (ML) ' = //[/A (s //‘ Lirzzz

7

SILT Or CLAY '._ S

AREA

soenono.  ELD 25V L)

_ GRADATION CURVES owe A elgihsE, /DT
T e T e GOVERKNENT PRINTING OFFICT . 1963 OF—703-128

T vy 63 2087 nsmc:s.wzs FORM NO. 1241, SEP 1962, WHICH (S OBSOLETE



I 20

g

\ \
. \
't T %
/IR . “\J
R ! I\t A
: o . \ _'r\\) \
. - \‘b . 1 .\\?h
s \\ AR, IR
=] | \\g-;‘:
e e ; ) N T
RN /. \ \L kS
1 é ‘ 4 \\ ™ \'\(\_;
¥ 1/ AN Y A
g - |y 3~ %N
//‘f‘ h p . ‘Qh
£ R \
. i
4
o LY
¥ )
/ro - : -
78 7z /7 7 w4 ~zo

Water content, percent oi‘ d.r) welght

%, Py /f Sy Ccompa,c‘bion teat

Z):_S M i;er wach of _ 3 layers, vith i ”‘-{—‘f(‘/’ﬂ’/ﬂ * 4% rammer and
i _inch drop. / Zé ..__inch diameter mold.
.| Sample { Elew—-or ‘ " : . % > _,'$>.
No. Pepth Classification - G CLL PL 1 w5, b |3/4 in.
5 s LT e ) Sre 7M7) | 2.648 ] - o o
Sample No. o s
Natural water content, percent o
Optimm water content, percent /3.0
Max dry density, lb/c:u ft /772
Remarks ///” ”“&(_ / o r; Project W//'/:"'&"'.-‘l'/f,"///é L

Zw / i e /é 03 JL-#A?/

f/f //9 ,4‘6‘ St S ‘,af‘.:‘-—'f,/.m;

Ares

Yoring Yo. £ p- 57/ L/

vete 2o Jaon. /27

e /0/ I//.lu /?"C o o
‘o Lo ot /47,;%:7‘// '

COMPACTION TEST REPORT

ENG FORM (EM 1110-2-1906)
1 JUN 65 S

2091

PREVIOUS EOITIONS ARE GBSOLETE
TRANSLUCENT

23669
Pla'be No. 0-10



BORING NO._

LD 574

SAMPLE NO. kN4

DEPTH /5 .75

LABORATORY
LOG

.DESCRIPTION

‘DATE’
COMP, By

PROJECT ST i

i3

W, CAN NO.

. /‘7//424/5/ (200

-TEST

- SAMPLES

24
o i e o e

Wax V/ugf :

IN FEET
i

. x
.z 13
- o
1a | 5.
; -1 T
4 u
- - o
; 1 10 Y
: N =
< 9 2
U? 1 - 8 m

] L,
_ o
- B 5 .
4
) 3
- , 5

' ;"*_22"‘ R C'Q Ve - //) f![(f/‘ff"ldt/

;ﬁ;/“ 

23

/’?"04\‘-'/? \/é'fy /)/5\‘}5,( 74/78

» 20 ._/0/":_’/‘/5/47'//1//2-)

. B - —. . /
. ) SO 5;-9«):'2, S tu‘/ b/ac}: -77,1""(7‘&5
= '{'Lﬂ\i///y ik SAND (S5i1) o

s
Ve F bo;"fy/?; £F der’/;;/f

INCH ‘

m/fnk! y Cﬁwzc‘ﬂ#rd , block, :/m £

I.N

/I/o/e o /c's/; ,C'c"/ af'/)?(’(/
a, (%vccfed :

SRS DN I
Yo e Ty
SR ) TP
i ) W
sl L]
IR B S
] e ]
e e o e —
s b ]
A I S
;

Length of Sample, L

Weight of Tube and ‘Wet Soil_____ 9.
‘Weight of Tube: —
Weight of Wet Soil’,
‘Diorheter of Tube , D
. Total Unit Weight, Y

—in,

- q
lbs/cu ft

W

ABEW
LDZ

UNDISTURB’E"D” SAMPLE LOG "

W, - Noturul w::ter Content -
MA ~—:Mechanical Analysis -
GLL - Aﬂerberg Limits -

G = SPGCIflC Growty '

¢ '='"Congolidation

Q" = Unconsolidated Undrained
'_ ?’Q = Dry Density

— Consolidated Undrained
S‘. ~ Consolidated Drained
UC — Unconfined Compression

NED

FORM

[ ol e}

501




3‘:"0 *oN ;°39?=1;“ .l -

U.S. STANDARD SIEVE OPENING IN INCHES - U.S. STANDARD SIEVE NUMBERS

1 MAY 43

6 4 3 2 1A 1 U '/:#r' 3.4 & 810141 20 30 40 50 70 Y00 140 200
100 J T T T g Ty Ty T o
' . 1 -
90 N 10
H )

80 \\ 20 .
¥ o0 . Jo. =
:

301 150" &
: \ E:
E 40 \ 50 'i
8 : | - ¥
N 4 -
£ 2 ) 170 &

\

20 N +80

10 b‘ - - 90

: — 00" : 6.3 01 005 001 0,003 —000

) L ) AN el : L W - »! + !

500 1o % 0 3 GRAIN SIZE MILIMETERS. X ; SRR : .
comes " comsse |  mwe | coamse | MEDIUM | e : _ SKT Ok CLay :

SawnENo, | SeEvoR Do ' Qassmeao = = = = moscr //f/ﬁ/‘?/??ﬂ/'}r’///c' L

T3 707 13:46" | a-f SEND (SF) _ = =
‘ SORING NO. =524 »
o GRADATION CURVES DATE Aug. 1576
" ; - . . — 1CK ; 1983 OF —J00=12¢
ENG FORM 2087 REPLACES, WES FORM NOC. 1241, SEP 1962, WHICH IS OSSOLETE. . U SormRmm A ome -




£T~0 *oN ©%3°8Td

U.S. STANDARD SIEVE OPENING IN INCHES. U.S. STANDARD SIEVE NUMBERS HYDROMETER
00 & 4 3 21Vh )V % Y% 3 4 6 8101416 20 30 40 50 70 100 140 200 :
1 T T T T 1 T 1T 10
15
' N
T
3 |
\ i
70 v i
- \
5 y §
Al
z 60 _\ 40 :
© \ «
g so - 50 2
& y ' <
0
2 i o
& ; v
30 9 0 E
20 N 80
. ‘\@
:?oo 700 50 10 5 0.5 o1 6.05 ‘ 0.01 0.00% 00
o B ' GRAIN SIZE MILLIMETERS ) ) T 0.001
GRAVEL SAND
_ COBBLES COARSE. | FNE COARSE ] MEDIUM T FINE ST ox CLay
SAMPLE NO. EEEV-OR DEPTH CLASSIFICATION - NAT W% kL n L] .
Fi Is mjm 7L 7&/‘ /
T -4 (02490 | mi-f THAND (S5 , Wé’- pian Vil ﬁ_-d’W
AREA
, soamono. L) -5720)
GRADATION CURVES e Ao 1970
ENG FORM. 2087 REPLACES WES FORM NO. 1241, SEP 1942, WHICH IS OSSOLETE. V A COVIRRRINT PRINTING OFTICE - o gr e
T MAY 43




